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(54) Title: NOVEL GLUCANS AND NOVEL GLUC ANSUCRASES DERIVED FROM LACTIC ACID BACTERIA 

(57) Abstract: The invention pertains to novel glucans capable of being produced by glucosyltransferase activity of a lactic acid 
bacterium on a sucrose substrate, the glucan having an average molecular weight between 10 kDa and I GDa, consisting essentially 
of a(l,3)- and a(l,6)-Hnked anhydroglucose units (AGU) and to glucansucrases capable of producing these glucans from sucrose. 
The glucans have thickening and anti-corrosive properties. The glucans can be chemically modified. 
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Novel glucans and novel glucansucrases derived from lactic acid bacteria 

100011 The present invention is in the field of enzymatic production of biomolecules. The 
invention is particularly concerned with novel glucans derived jfrom lactic acid bacteria, 
with novel glucosyl-transferases derived from such bacteria and with a process for 
S production of new and useful glucans from sucrose. 

Background of the invention 

[0002) Several bacteria are known to produce exopolysaccharides, i.e. polysaccharides 
secreted into the culture medium. Well-known examples of bactmal exopolysaccharides 
include xanthan from Xanthomonas campestris, gellan from Sphingomonas paucimobilis 

10 and pullulan &om Aureobasidium pullulans. Lactic acid bacteria known to produce exo- 
polysaccharides include Leuconostoc mesenteroides strains producing dextrans, a(l-^ 6)- 
linked poly-anhydroglucose, and altemans i.e. poly-anhydroglucoses having alternating 
a(l-> 6) and a(l-* 3)-linkages, oral Streptococcus strains producing glucans responsible 
for dental plaque formation, and a particular Lactobacillus reuteri strain producing 

15 a(l,6>- and a(l,4)-linked anhydroglucose (Van Geel-Schutten, et al, Appl. Environ. 
Microbiol. (1999) 65, 3008-3014). The properties of exopolysaccharides depend on the 
type of monosaccharide units, the type of linkages, the degree and type of branching, the 
length of the polysaccharide chain, the molecular weight and the conformation of the 
polymers. 

20 [00031 Arguello-Morales et aL {FEMS Microbiol Lett 182 (2000) 81-85) describe an 
altemansucrase from Leuconostoc mesenteroides NRRL B-1355. Monchois et aL {Gene 
182 (1996) 23-32; FEMS MicrobioL Lett. 159 (1998) 307-315) for instance describe two 
different dextransucrases from Lc. mesenteroides NRRL B-1299. A method for selecting 
Leuconostoc mesenteroides strains that produce a high proportion of alteman to dextran is 

25 described in US 5,789,209. The prior art does not disclose or suggest other lactic acid 
bacteria than Leuconostoc or Streptococcus that are enable of producing glucans having 
both a(l-»* 6) and a{\-> 3)-linkages. 

Summary of the invention 

[00041 Several lactic acid bacteria strains were found, according to the invention, to be 
30 capable of producing a particular class of glucans. These glucans have in common that 
their anhydroglucose units (AGU) are linked o(l,3)- and/or c<l,6)-glucosidic bonds, i.e. 
they are o-glucans largely or completely devoid of Ofl(l,4)-bonds. These glucans may be of 
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the alteman (alternating a(l,3) and a(l,6) linkages), mutan (mixed a(l,3) and a(l,6) 
linkages, usually a(l,3) predominant) or dextran (mainly a(l,6) linkages, some a(l,3) ) 
type, or other type. The glucans can be produced from sucrose, using sucrase enzymes 
which are active in the lactic acid bacteria. They can be produced on a large scale and 
5 isolated in a commercially feasible way, as the glucans are produced outside the bacterial 
cell, or even in the absence of the bacteria, using isolated sucrase enzymes. The glucans 
are produced by food-grade strains and have interesting properties, such as prebiotic 
utility or thickening of water-based compositions. 

[OOOSl The invention is concerned with these novel glucans, with the lactic acid bacterial, 
10 especially Lactobacillus strains and their enzymic proteins that produce these glucans 
from sucrose, as well as with methods for producing the glucans using the strains and/or 
their enzymes, with nucleotide sequences encoding these enzymic proteins which convert 
sucrose, with the use of the glucans as thickeners, prebiotics, anticorrosives, etc., and as 
starting materials for modified glucans. 

1 5 Description of the invention 

[0006] The invention pertains to Lactobacillus strains containing a glucosyltransferase 
(glucansucrase) capable of producing a glucan having at least 10 anhydroglucose units 
(AGU) having a backbone consisting essentially of a(l,3)- and/or a(l,6)-linked AGU, in 
the presence of sucrose. Such strains can be found among current sources of Lactobacilli, 

20 such as food sources, silage, mammalian samples etc. These strains containing the 
glucosyltransferases and producing the glucans can be identified by isolating 
Lactobacillus strains from these sources, growing them on sucrose and analysing the 
polysaccharide product using suitable analytical methods such as chromatography. The 
genes encoding these glucosyltransferases can be identified by ampHfying nucleotide 

25 sequence fragments of the strain using primers based on known glucosyltransferase genes 
and retaining the positive strains (see examples). Several glucan-producing strains were 
isolated and identified from different sources and different Lactobacillus species, such as 
Lb. reuteri. Lb. fermentum. Lb. sake and Lb. parabuechneri or related species. The 
glucosyltransferases from these glucan-producing strains were also identified and, 

30 completely or partly, sequenced (see Examples). 

[00071 The novel glucans of the invention are capable of being produced by glucosyl- 
transferase (glucansucrase) activity of a lactic acid bacterium on a sucrose donor 
substrate. The glucans have an average molecular weight between 10 kDa and 1 GDa, and 
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consist essentially of a(l,3)- and/or a(l,6)-linked anhydroglucose units (AGU), to which 
side-chains also consisting of oc(l,3)- and/or a(l,6)-linked AGU may be attached. 
(0008] In particular, the glucans according to the invention either comprise 15-80% of 
a(l,3Hinked AGU, 2-80%, especially 4-80% and more especially 15-80% of a(l,6)- 

5 linked and 2-25% of a-(l ,3,6)-linked (branching) AGU, or 80-99% of a(l ,6)-Unked AGU 
and 1-20% of a(l,3)-linked or a-(l ,3,6)-linked (branchmg) AGU, in particular 1-15% of 
a(l,3)-Unked AGU and 5-15% of cx(l,3)- and a(l,3,6)-linked units taken together. Thus, 
the invention covers a glucan having an average molecular weight of 50 kDa to 1 MDa 
and comprising 25-50%, especially 29-39% of a(l,3)-linked AGU, 20-45%, especially 

10 30-40% of a(l,6)-linked AGU. 5-25%, especially 3-13% of a(l,3,6)-linked AGU and 6- 
30% of terminal AGU. Furtheraiore, the invention pertains to a glucan having an average 
molecular weight of 10-50 MDa and comprising 15-26% a(l,3)-linked AGU, 30-50% of 
a(l,6)-linked AGU. 5-20% of a(l,3,6)-linked AGU and 5-35% of terminal AGU. Also, 
in another embodiment the invention covers a glucan having an average molecular weigjht 

15 of 1-50 MDa and comprising 40-60% of a(l,3)-linked AGU, 2-20%, especially 2-12% of 
a(l,6)-linked AGU, 10-25% of a(l,3,6)-linked AGU and 10-30% of terminal AGU. In 
yet another embodiment, the invention comprises a glucan having an average molecular 
weight of 10-50 MDa and comprising 80-99%, especially 88-99% and more especially 
90-99% of a(l,6)-linked AGU. or 80-90% of a(l,6)- and 1-10% of a(l,3)-linked AGU, 

20 the remainder being 1 ,3,6 linked and terminal AGU. 

[0009] The invention also concerns the enzymes originating from lactic acid bacteria, or 
from recombinant sources, capable of producing the glucans described above starting 
from sucrose. The enzymes are new and they can be classified as glucansucrases or 
glucosyltransferases. Their partial sequence information is given below in SEQ ED No's 

25 1-10. More complete sequence information is given in SEQ ID No's 11-22. Proteins 
according to the invention comprise an amino acid sequence exhibiting at least 70%, 
preferably at least 80%, most preferably at least 90%, amino acid identity with any one of 
the amino acid sequences of SEQ ID No. 2, 4, 8, 10, 12, 14, 16, 18. 20 and 22 or of 
stretches of at least 221-224 amino acids thereof, or at least 100 contiguous amino acids 

30 exhibiting at least 80%, preferably at least 90%, amino acid identity with these sequences. 
Further preferred sequences are indicated in the description of the aligmnent figure given 
below. 
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[0010] The enzymes can be used as such for producing the glucans described above, or 
for producing oligosaccharides and polysaccharides having a similar a(l,3) and/or a(l,6) 
linked glucan structure. Their genes can also be incoq^orated in suitable host organisms, 
to produce alternative glucan*production systems. The invention also pertains to such 
5 recombinant, preferably food-grade microorganisms, e.g. bacteria, especially lactic acid 
bacteria, yeasts, fungi etc., containing the genes of the glucansucrases described above 
and being capable of expressing the glucansucrases. 

[0011] The invention also pertains to a process of producing a glucan as described above. 
This glucan can be produced by a Lactobacillus strain as described above, or by a 

10 recombinant micro-organism expressing the glucosyltransferase according to the 
invention or by an isolated glucosyltransferase according to the invention and a suitable 
glucose source such as for instance sucrose. The glucosyltransferase may be isolated by 
conventional means from the culture of a glucosyltransferase-positive lactic acid 
bacteriiun, especially a Lactobacillus species, or from a recombinant organism expressing 
5 the glucosyltransferase gene. 

[001 2| The glucan and the gluco-oligosaccharides produced by the Lactobacillus strains 
can be recovered from the culture supernatant of Lactobacillus strains described above, 
containing the glucosyltransferase according to the invention. The glucan can comprise at 
least 20, up to about 100,000 a-anhydroglucose units with the unique structure described 

20 above. 

[0013] The glucan-producing enzymes according to invention, or at least the most 
preferred ones, are constitutive in the Lactobacillus strains, in that they are always 
present. This is contrast to most glucan (dextran-) producing Leuconostoc strains of the 
prior art, wherein the enzymes are only expressed upon growth in the presence of sucrose. 
25 This allows a more efficient production of glucans by the microorganisms of the 
invention. 

[0014] The glucans according to invention have a variety of usefril properties. They are 
suitable as prebiotics, and thus they can be incorporated in nutritional or pharmaceutical 
compositions intended for improving the condition of the gastrointestinal tract. For this 
30 purpose, they can be used as such or in the form of their oligosaccharides. They can also 
be combined with other poly- or oligosaccharides, such as fructans, galactans, xylans, 
arabinans, mannans, indigestible glucans and hetero-oligosaccharides, or with probiotic 
micro-organisms, including the lactic acid bacteria from which the glucans originate, 
resulting in synbiotic compositions. The glucans and their shortened homologues are also 
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usefiil as bioactive agents, e.g. as immunomodulators, anti*ulcer agents and cholesterol- 
lowering agents. 

[0015] The glucans are also useful as thickening agents. As such they can be incorporated 
in foodstuffs such as beverages, sauces, dressings, dairy products, in amoimts of from 1 

5 g/1 to about 100 g/1, especially about 10 to 50 g/1. 

[0016] The glucans of the invention are furthermore usefid as anticorrosion agents, for 
example for the protection of ship hulls. For that purpose, they may be applied in the form 
of solutions or suspensions, by spraying, coating, dipping and other techniques known in 
the art of corrosion control. 

10 [0017] The glucans can be used as such. They can also be modified by physical or 
chemical means. Suitable examples of chemical modification include oxidation, 
especially 2,3- or 3,4-oxidation using periodate or hypohalite, in glucans having a- 1,6 
linkages, or 6-oxidation using nitroxyls with peracid or hypohalite in glucans having a- 
1,3 linkages. Hypohalite oxidation resulting in ring-opened 2,3- or 3,4-dicarboxy- 

15 anhydroglucose units (see e.g. EP-A-427349), while periodate oxidation results in ring- 
opened 2,3- or 3,4-dialdehyde-anhydroglucose units (see e.g. WO 95/12619), which can 
be further oxidised to (partially) carboxylated units (see e.g. WO 00/26257). Nitroxyl- 
mediated oxidation using hypochlorite or a peracid results in 6-aldehyde- and 6-carboxy- 
anhydroglucose units (see e.g. WO 95/07303). 

20 [0018] The oxidised glucans have improved water-solubility, altered viscosity and a 
retarded fermentability and can be used as metal-complexing agents, detergent additives, 
strengthening additives, bioactive carbohydrates, emulsifiers and water binding agents. 
They can also be used as starting materials for further derivatisation such as cross-linking 
and the introduction of hydrophobes. Oxidised glucans coiq>led to proteins can be used as 

25 emulsifiers and stabilisers. The oxidised glucans of the invention preferably contain 0.05- 
1.0 carboxyl groups, more preferably 0.2-0.8 carboxyl groups per anhydroglucose unit, 
e.g, as 6-carboxyl groups on 1,3-linked units. 

[0019] When modified glucans with high proportion of carboxyl groups are desired, two 
oxidation processes can be combined or an oxidation can be combined with e.g. 
30 carboxymethylation (see below). Thus, an a-(l,3/l,6)-glucan having a degree of 
substitution (DS) for carboxyl groups between 0,3 and 1,0 can be conveniently prepared 
by first nitroxyl-mediated oxidation, resulting in 1,3-substituted units being oxidation to 
glucuronic acid units, followed by e.g. periodate and chlorite oxidation, resulting in 1,6- 
substituted units'" being converted to ring-opened dicarboxy-substituted units. The order 



wo 03/008618 



6 



PCT/NL02/00495 



of processes can also be inverted, or one oxidation process, such as nitroxyl-mediated 6- 
oxidation can be combined with caiboxymethylation. Also, by appropriate adaptation of 
the oxidation processes mixed aldehyde-containing and caiboxyl-containing polymers can 
be obtained. 

5 [00201 Other useful modifications are alkylation, acylation, hydroxyalkylation, amino- 
alkylation, carboxyalkylation, phosphorylation, sulphatation, as well as physical and 
chemical crosslinking. Phosphorylation (see: O.B. Wurzburg (1986), Modified Starches: 
properties and uses. CRC Press Inc., Boca Raton, 97-1 12) can be achieved by dry heating 
glucans with a mixture of monosodium and disodium hydrogen phosphate or with tripoly* 

10 phosphate. The phosphorylated glucans are suitable as wet-end additives in papermaking, 
as binders in paper coating compositions, as warp sizing-agents, and as core binders for 
sand molds for metal casting. Acylation, especially acetylation or propionylation using 
acetic or propionic anhydride respectively, results in products suitable as bleaching 
assistants and for the use in foils. Acylation with e.g. alkenyl succinic anhydrides or 

15 (activated) fatty acids results in surface-active products suitable as e.g. surfactants, 
emulsifiers, and stabilisers. Crosslinking, e.g. by coupling oxidised derivatives, or by 
reaction with a crosslinking agent such as triphosphoric acid, epichlorohydrine or a 
dialdehyde, can be used to adjust the physical properties of the glucans, e.g. to enhance 
their water-binding or thickening capacities. 

20 [00211 Hydroxyalkylation is commonly performed by base-catalysed reaction with 
alkylene oxides, such as ethylene oxide, propylene oxide or epichlorohydrin; the l\ydroxy- 
alkylated products have improved solubility and viscosity characteristics. Carboxy- 
methylation is achieved by reaction of the glucans with monochloroacetic acid or its 
alkali metal salts and results in anionic polymers suitable for various purposes including 

25 crystallisation inhibitors, and metal complexants. Amino-alkylation can be achieved by 
reaction of the glucans with alkylene-imines, halo-alkyl amines or amino-alkylene oxides, 
or by reaction of epichlorohydrine adducts of the glucans with suitable amines. These 
products can be used as cationic polymers in a variety of applications, especially as a wet- 
end additive in paper making to increase strength, for filler and fines retention, and to 

30 improve the drainage rate of paper pulp. Other potential applications include textile sizing 
and wastewater purification. The above mentioned modifications can be used either 
separately or in combination depending on the desired product. Furthermore, the degree 
of chemical modification is variable and depends on the intended use. If necessary 100% 
modification, i.e. modification of all anhydroglucose units can be performed. However, 
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partial modification, e.g. from less than 1 (e.g. 0.2) modified anhydroglucose unit per 100 
units up to higgler levels, will oftm be sufficient in order to obtain the desired effect. 
[0022] Another suitable type of derivatives is formed by hydrolysates of tiie present 
glucans. Hydrolysis can be performed in a controlled manner in a way known per se, 

5 using e.g. dilute acid or glucanolytic enzymes, especially a-l,3*glucanases or a-1,6 
glucanases. Hydrolysis results in polysaccharides of reduced chain length (degree of 
polymerisation, DP, of more than 20) or oligosaccharides (DP of less than 20). 
[0023] The invention also relates to glucooUgosaccharides containing the characteristic 
structure of the glucan described above. These can be produced using an isolated glucan- 

10 sucrase according to the invention or a Lactobacillus strain, or a recombinant micro- 
organism containing (a part of) a glucosyltransferase according to the invention. Gluco- 
oligosaccharides thus produced can be used as prebiotics and probiotics. The production 
of the gluco-oligosaccharides is different from the glucan synthesis reaction. In addition 
to sucrose, the substrate of the glucansucrase, an acceptor molecule such as maltose or 

15 lactose can be used as an acceptor, to synthesise oligosaccharides. Consecutive 
attachment of glucose units in a maimer determined by the particular glucansucrase 
results in a(l,3)- and/or a(l,6)-linked gluco-oUgosaccharides, the chain length of which 
can be determined by selecting the appropriate reaction conditions. Longer reaction times, 
higher sucrose levels and lower acceptor levels will usually result in relatively long 

20 chains, e.g. having a degree of polymerisation (DP) of more than 10, up to several 
hundreds if desired, while shorter reaction times, lower sucrose levels and higher acceptor 
levels will result in relatively short chains, e.g. with a DP from about 3 up to 10 or higiher. 
Another way of producing gluco-oligosaccharides is by hydrolysis of the glucan 
described above. This hydrolysis can be performed by known hydrolysis methods such as 

25 enzymatic hydrolysis with enzymes such as amylase, dextranase or pullulanase or by acid 
hydrolysis. The produced gluco-oligosaccharides contain at least one 1,6- or one 1,3- 
glucosidic link to be used as prebiotics. 

[0024] The invention also relates to a probiotic or synbiotic composition containing a 
Lactobacillus strain capable of producing a glucan and/or gluco-oligosaccharide 
30 according to the invention. The strain may also produce another poorly digestible poly- or 
oligosaccharide, such as a fructan. The probiotic or synbiotic compositions of the 
invention may be directly ingested with or without a suitable vehicle or used as an 
additive in conjunction with foods. They can be incorporated into a variety of foods and 
beverages including, but not limited to, yoghurts, ice creams, cheeses, baked products 
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such as bread, biscuits and cakes, dairy and dairy substitute foods, confectionery 
products, edible oil compositions, spreads, breakfast cereals, juices and the like. 
[0025] Furthermore, the invention pertains to a process of improving the microbial status 
in the mammalian colon comprising administering an effective amount of 2l Lactobacillus 
S strain capable of producing a glucan and/or gluco-oligosaccharide according to the 
invention. Furthermore, a process of improving the microbial status of flie mammalian 
colon comprising administering an effective amount of a glucan or gluco-oligosaccharide 
according to the invention is also a part of the present invention. 

10 Examples 
General 

The various lactic acid bacterial strains were isolated form a variety of sources, including 
fermented foods, the gastrointestinal tract of various human or animal species, and silage. 

Example 1: Identification and nucleotide sequence of glucansucrase/glucosyltransferase 

1 5 genes firom lactobacilli 

The glucansucrase genes were identified by amplification with PCR using degenerated 
primers (GTFrev, 5' ADRTC NCCRT ARTAN AVNYK NG 3' and GTFforw, 
5'-GAYAAYWSNA AYCCNRYNGT NC-3'; N = A, C, G or T, Y = T or C, K = G or T, 
W = A or T, S = C or G, R = A or G), based on conserved amino acid sequences of 

20 different published glucansucrase genes. An amplification product with the predicted size 
of about 660 bp was obtained and cloned in Escherichia coli Top 10 using pCR-XL- 
TOPO (Invitrogen). Sequence analysis confirmed that part of a gtf gene had been isolated. 
The 660 bp amplified was used to design primers for inversed PCR. For inverse PCR 
chromosomal DNA was digested with 10 different enzymes li gated, yielding circular 

25 DNA molecules. PCR with the diverging primers with the circular ligation products as 
template yielded amplicons of various sizes, those products were cloned into pCR-XL- 
TOPO (Invitrogen) and sequenced (GATC, Konstanz, Germany). If necessary additional 
inverse PCR reactions were carried out to obtain the complete gene(s). Both strands of the 
entire glucansucrase genes were sequenced twice. 

30 Example 2: Isolation and identification of a'(l,6) glucan and a glucansucrase from 
Lactobacillus reuteri strain J 80 

L. reuteri strain 180 was deposited as LMG P-18389 at the BCCM/LMG Culture 
Collection at Gent, Belgiiun. The strain was grown in 18 litres of MRS-s medium (in g 
per kg): yeast extract (22), sodium acetate trihydrate (5), sodium citrate dihydrate (2.42), 
35 ammonum chloride (1.32), dipotassium hydrogen phosphate (2), magnesium sulphate 
heptahydrate (0.2), manganese sulphate heptahydrate (0.05), sorbitan mono-oleate (1), 
vitamins (in mg per kg: Bl: 14.4, B2: 3.6, B3: 72, H 0.216), sucrose (100), tap water 
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(remainder), for 21 h at 37''C under anaerobic conditions (pH 5.5). See also: Van Geel- 
Schutten et al., Appl. Microbiol. Biotecfanol. (1998) SO, 697-703. During growth, 13 g/1 
polysaccharide was produced. This polysaccharide was isolated as described in the 
reference cited above. The monosaccharide composition of the polysaccharide was 

5 determined by hydrolysis of the soluble part of the polysaccharide and high-perfonnance 
anion-exchange chromatography. It was characterised as a glucan. This glucan was not 
formed when the strain was grown on glucose instead of sucrose. Methylation analysis 
(Van Geel-Schutten et al. 1999) revealed the presence of 17-24% a(l,3)-linked glucosyl 
units, 34-44% of a(l,6)4inked glucosyl units, 7-15% of a(l,3,6)-linked glucosyl units 

10 and 7-35% of terminal glucosyl units. The average molecular weight of the glucan was 
determined to be 3.6 x 10^ Da and the Rg was 45 nm. 

The average molecular weight of the polysaccharide was established using the SEC- 
MALLS system: 0.0522 g of the glucan was dissolved in 10 ml DMSO/water (90/10) and 
heated for 1 hour at 80**C, filtered through a 0.45nm filter and injected on the SEC- 
15 MALLS system and analysed using the following conditions: 

Eluent: DMSO/water (90/10) with 0. 1 M NaNOs 

Flow rate: 0.5 ml/min 

Injection volume: 0.247 ml 

Column: PLgel Guard, mixed- A and mixed-D 

20 Temperature: 90''C 

Detection: MALLS (DAWN-DSP), 50°C, A2=0, dn/dc=0.074, F2 cell, RI; SDS PAGE 
followed by PAS-staining (Van Geel-Schutten et al. 1999) revealed the presence of an 
extracellular sucrase with a molecular weight of about 190 kDa. Part of the gene encoding 
the sucrase enzyme was isolated using PGR techniques and sequenced. On the deduced 

25 amino acid sequence of the fragment, hig^ homologies were found with other glucan- 
sucrases. This partial sequence information is given in SEQ ID No. 1 (DNA) and 2 
(protein). Full sequence information is given in SEQ ID No*s. 1 1 and 12. 
The glucan produced by L, reuteri strain 180 has been tested for application on ship hulls 
for the prevention of corrosion (see Example 8). 

30 

Example 3: Isolation and identification of a-(l,6/1.3) glucan and a glucansucrase firom 
Lactobacillus reuteri strain MLl 

L. reuteri strain MLl, deposited as LMG P-20347 at the BCCM/LMG Culture Collection 
at Gent, Belgium, was grown ovemigjit under anaerobic conditions at 37®C on MRS 
35 supplemented with sucrose (see Example 2). The cells were removed by centrifiigation 
and two volumes of ethanol were added to the supernatant. The precipitated poly- 
saccharides were harvested by centrifugation and resuspended in 2-3 liters of demi water 
and precipitated again with two volumes of ethanol. The glucan produced by this strain (7 
g) was characterised by methylation analysis and monosaccharide composition analysis as 
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described in Example 2. The polymer was found to consist of 48-53% of a(l-3) linked 
glucosyl miits, 3-8% of a(l-d) linked glucosyl miits. 12-20% of a(l-3-6) linked glucosyl 
units (branching units) and 20-30% of 1 -linked (terminal) glucose units. The glucans were 
not produced during growth on glucose. The average molecular weight of the poly- 
5 saccharide was established to be 7.6x10^ Da using the SEC-MALLS system as described 
in example 2. These were the first examples of the production of mutan-like polymers by 
lactobacilli. The glucan produced by L. reuteri strain MLl has been tested for application 
as anticorrosive agent and showed excellent utility for the prevention of corrosion e.g. on 
ship hulls. 

10 SDS PAGE followed by PAS-staining (Van Geel-Schutten et al. 1999) revealed the 
presence of an extracellular sucrase with a molecular weight of about 190 kDa. It was 
found that this strain produces two glucansucrases. Sequence information for these 
sucrase is given in SEQ ID No's 13 and 14 (MLl) and 15 and 16 (ML4). 

15 Example 4: Isolation and identification of ar(l,6/l,3) glucan and a glucansucrase from 
Lactobacillus strain LB 33. 

A new Lactobacillus strain was obtained and was deposited as LMG P-20349. The strain 
was identified by 16S rRNA to be most closely related to Lactobacillus parabuchnerL 
The strain grown overnight on MRS supplemented with sucrose under anaerobic 
20 conditions at 37**C (see Example 2). 420 gram of glucan was produced. The glucan 
produced by this strain is not produced during growth on glucose. 

Methylation analysis (see Example 2) revealed that the polymer consists of equal amounts 
of 29-39% of a(l-3) linked glucosyl units, 30-40% of a(l-6) linked glucosyl units, 
3-13% of a(l-3-6) linked glucosyl units (branching units) and 15-30% of 1-linked 
25 (terminal) glucose units. 

The average molecular weight of the polysaccharide was established to be 2x10^ Da, 
using the SEC-MALLS system as described in Example 2. 

By PCR with degenerated primers part of a sucrase type of glucosyl-transferase could be 
isolated indicating that the glucan is produced by a sucrase. This confirms tiie result that 

30 the glucan is prodpced during growth on sucrose and not on glucose. Part of the sucrase 
encoding gene was sequenced. On the deduced amino acid level high homologies were 
found with alteman sucrase 6rom Leuconostoc mesenteroides. This indicates that the 
enzyme responsible for the glucan synthesis in L. brevis is the first alteman sucrase found 
in other bacteria than Leuconostoc, This partial sequence information is given in SEQ ID 

35 No, 3 (DNA) and 4 (protein). Full sequence information is given in SEQ ID No's. 17 and 
18, respectively, 

The glucan produced by this strain has thickening properties. 
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Example 5: Isolation and identification of a'(l,6) glucan and a glucansucrase from 
Leuconostoc strain 86 

A new strain was obtained from silage and was deposited as LMG P-20350. The strain 
was identified by 16S rRNA to be a new Leuconostoc strain, most closely related to 

5 Leuconostoc citreum. The strain grown overnight on MRS supplemented with sucrose 
imder anaerobic conditions at 37®C (see Example 2). 416 gram of glucan was produced. 
Methylation analysis of the glucan obtained revealed that more than 90 % of the glucose 
units was linked through an a (1,6) bond, identifying the polysaccharide as a dextran. The 
molecular weight of the glucan (determined as described in Example 2) was 3-4 X 10^ Da 

10 and the Rg was 40 nm. The glucan is not produced during growth on glucose. 

By PCR with degenerated primers 3 different fragments with part of a sucrase type of 
glucosyl-transferase could be isolated indicating that the glucan is produced by a sucrase 
and that possibly 3 sucrases are present in this strain. This confirms the result that the 
glucan is produced during growth on sucrose and not on glucose. Part of the sucrase 

15 encoding gene was sequenced. On the deduced amino acid level high homologies were 
found with DSRC and DSRB (fragment 1), alteman sucrase (fragment 2) and DSRA 
(fragment 3) from Leuconostoc mesenteroides. The sequence information is given in SEQ 
ID No's 5-10. Leuconostoc citreum^ to which this new strain is most closely related, is not 
reported to produce dextran. The glucan produced by strain 86 has thickening properties. 

20 

Example 6% Identification of ar(l,6/l,i) glucan and a glucansucrase from Lactobacillus 
sake KG 15 

Strain KG IS was obtained from silage and was deposited as LMG P-21S83. It was 
identified by 16S rRNA as L. sake, The strain was grown and the polysaccharide was 

25 recovered as described in example 2. The molecular weigfht of the polysaccharide was 
determined to be 4 J 10^ Da (SEC NfALLS) and the Rg was 92 nm. Methylation analysis 
(GC) revealed that the glucan produced by this strain is a largely linear dextran containing 
4 % terminal glucose units, 86% of a(l,6) linked glucosyl units, 2% of a (1,3) linked 
glucosyl units and 8% a (1,3,6) disubstituted glucose units (branching points). The 

30 glucansucrase of this strain was sequenced (see SEQ ID No. 19 and 20). 

Example 7: Identification of a'(l, 6/1,3) glucan and a glucansucrase from Lactobacillus 
fermentum KG 3 

Strain KG 3 was obtained from silage and was deposited as LMG P-21584. It was 
35 identified by 16S rRNA as L. fermentum. The strain was grown and the polysaccharide 
was recovered as described in example 2. The molecular weight of the polysaccharide 
was determined to be 2,4 10^ Da (SEC MALLS) and the Rg was 107-119 nm. 
Methylation analysis (GC) revealed that the glucan produced by this strain is a largely 
linear dextran containing 3% temiinal glucose units, 84% of a(l,6) linked glucosyl units, 
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8% of a (1,3) linked glucosyl units and 5% a (1,3,6) disubstituted glucose units 
(branching points). The glucansucrase of this strain was sequenced (SEQ ID No's 21 and 
22). 

5 Example 8: Anticorrosion properties of glucans 

Plain caibon steel sheets of 1 cm^ embedded in an epoxy matrix were exposed to a 
slightly coiTosive medium (150 ml of 0.1 M LiC104) with or without the addition of a 
bacterial polysaccharide (0.2 g) for several days. The sheets were then examined visually 
and electrochemically from time to time. The corrosion potential (Ecorr in mV with 

10 reference to Ag/AgCl) and polarisation resistance (Rp in kO/cm^) are both a measure of 
the anti-corrosion effect. After an initial adaptation of 3-10 hours, these parameters 
attained a stable value. The experiments were carried with a heteropolysaccharide from 
Lactobacillus sake, and a homopolysaccharide of the invention (from LB 180 according 
to example 4), as well as without polysaccharide. The results are sunmiarised in the table 

15 below. It follows that the anti-corrosion properties of the glucan of the invention are 
superior. It was found that the homopolysaccharide of ML 1 (example 3) has at least 
equal anticorrosion performance as the LB 180 polysaccharide. 



Table: Corrosion experiments 



organism 


type of poly- 


aspect of treated 


EcoiT (mV vs. 


Rp 




saccharide 


sheet 


Ag/AgCl) 


(kQ/cm^) 


control 




corrosion 


-700 


1.5 


Lb. sake 


hetero- 
polysaccharide 


locahsed corrosion 


-600 


4.5 


Lb. 180 


a-glucan 


thin black layer 


-200 


70 



Example 9: Modification of arl,3/l,6'glucan by oxidation 

20 One gram (6.15 mmol of anhydroglucose units) of the a-l,3/l,6-glucan produced by 
strain LB 33 (example 4) is resuspended in 100 ml water. Next, 2,2,6,6-tetramethyl- 
piperidine-l-oxyl (TEMPO; 0.01 g, 0.065 nunol) and sodium bromide (100 mg, 1 mmol) 
are added and the suspension is cooled to O^^C. The reaction can also be performed 
without bromide. A solution of hypochlorite (3 ml, 15% solution, 6.3 mmol) of pH 10.0 

25 (OX) is added. The pH is kept constant by addition of O.IM NaOH. After 1 hr, the 
solution is poiured into 150 ml 96% ethanol, causing the product to precipitate. The white 
precipitate is centrifuged, resuspended in ethanol/water (70/30 v/v) and centriftiged again. 
Next, the precipitate is resuspended in 96% ethanol, centriftiged and dried. The uronic 
acid content is detemiined by means of the uronic acid assay according to Blumenkrantz 

30 and Abdoe-Hansen {Anal Biochem. 54 (1973), 484). A calibration curve was generated 
using polygalacturonic acid (5, 10, 15 and 20 |xg). With this calibration curve the uronic 
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acid content in a sample of 20 fig of the product is determined. Hie major part of 6- 
hydroxyl groups have been oxidised to carboxyl groups. 

Example 10: Construction of plasmids for expression of the glucansucrase genes in E. 
colu 

5 Two primers were designed with s^propriate restriction sites; the C-temiinal primer 
contained in all cases a His-tag. The PCR products were first cloned in pCR-XL-TOPO. 
The PCR products were removed from pCR-XL-TOPO using die appropriate enzymes 
and ligated in the appropriate sites of an expression vector (e.g pETlSb (Novagen) ). 
For the expression of part of the glucosyltransferase gene of LB 180 (for better 

10 expression, the N-terminal region encoding the N-terminal variable domain of the glucan- 
sucrase, was not cloned) in E. coliy a PCR reaction was performed using ForwlSO ( 5'- 
GATGCATGAG CTCC CATGGG CATTAACGGC CAACAATATT ATTATTGACC 
C-3') containing Sad (bold) and Ncol (underlined) sites, and RevlSO (S'- 
ATATCGATGG GCCC CGGATC CT ATTAGTG^ TGGTGATGGT GATGnTTTG 

15 GCCGTTTAAA TCACCAGGTT TTAATGG-S'), containing Apal (bold), BamHl 
(underlined) and a 6x His-tag (italics) as primers. The PCR product was cloned in pCR- 
XL-TOPO. The PCR product was removed from pCR-XL-TOPO using NcoVBamSl and 
ligated in the coresponding sites of pETlSb (Novagen). The resulting plasmid 
(pETlSblSO) containing part of the glucansucrase gene of 704 amino acids encoding a 

20 glucansucrase without the variable N-terminal domain was transformed to E. coli B121 
DE3 star (Invitrogen). 

Cells of J?, coli harbouring the pET15bl80 were harvested by centrifugation after 16 h of 
growth under aerobic conditions at 37 ^C. The pellet was washed with 50 mM sodium 
acetate buffer pH 5.5 containing 1 mM CaCh and 1% (v/v) Tween 80 and the suspension 

25 was centrifuged again. Pelleted cells were resuspended in with 50 mM sodium acetate 
buffer pH 5.5 containing 1 mM CaCh and 1% (v/v) Tween 80, and 7.2 mM p-mercapto- 
ethanol. Cells were broken by sonication and cell debris and intact cells were removed by 
centrifugation for 15 minutes at 4 ""C at 14,000 rpm (Eppendorf). The resulting cell free 
extract was used as enzyme source to produce high molecular weight glucans from 

30 sucrose in 50 mM sodium acetate buffer pH 5.5 containing 1 mM CaCh and 1% (v/v) 
Tween 80 and 10 g/1 sucrose. After 16 hours of incubation, the glucans were isolated 
using ethanol precipitation. When cell fi^ extracts ofE. coli B121 DE3 star (Invitrogen) 
harbouring the plasmid pET15b (without insert) were used as enzyme source, no glucans 
were produced from sucrose. 

35 

Sequence information 

SEQ ID No's 1 and 2 give the nucleotide and amino acid sequence, respectively, of a part 
of the glucansucrase from strain LblSO as originally determined (Example 2). The partial 
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sequence shows 53% (199/223) sequence identity and 68% similarity with dextransucrase 
DSRB742 of Leuconostoc mesenteroides (Lc. mes.)^ with 2 gaps (between amino acids 
F172 and N173), and 52% identity with some other dextransucrases and altemansucrases 
of Lc. mes. 

5 SEQ ID No*s 3 and 4 give the nucleotide and amino acid sequence, respectively, of a part 
of the glucansucrase from strain Lb 33 as originally determined (Example 4). The partial 
sequence shows 63% (143/224) sequence identity and 75% similarity with dextransucrase 
DSRB742 of Zc. mes. with 1 gap. 

SEQ ID No's 5 and 6 give the nucleotide and amino acid sequence, respectively, of a part 
10 of a glucansucrase (86-1) from strain Lc 86 (Example 5). The partial sequence shows 
98% (219/223) sequence identity and 99% similarity with dextransucrase DSRB742 of 
Lc. mes. 

SEQ ID No's 7 and 8 give the nucleotide and amino acid sequence, respectively, of a part 
of another glucansucrase (86-5) from strain Lc 86 (Example 5). The partial sequence 
IS shows 55% (123/223) sequence identity and 68% similarity with dextransucrase 
DSRB742 of Lc. mes.y with 2 gaps (between amino acids Ml 28 and R129 and between 
D162 and H163), and 51-56% identity with some other dextransucrases and alteman* 
sucrases of Lc. mes.. 

SEQ n> No's 9 and 10 give the nucleotide and amino acid sequence, respectively, of 
20 another glucansucrase (86-8) from strain Lc 86 (Example 5). The partial sequence shows 
61-68% sequence identity and 74-78% similarity with dextransucrases and alteman- 
sucrases (including dextransucrase DSRB742 )of Lc. mes. 

SEQ ID No's 1 1 and 12 give the nucleotide and amino acid sequence, respectively, of the 
glucansucrase of strain Lbl80 (Example 2). The sequence shows 1322/1768 (74%) 

25 sequence identity and 1476/1768 (82%) similarity with 15/1768 gaps with glucansucrase 
from Lb, reuteri LB 121 as disclosed in WO 01/90372. The -35 and -10 sites TTGAAA 
and TATAA are located at nucleotide positions 561 and 599, respectively. The ribosome 
binding site (RBS) GAAGGAG is at 574 and the start codon ATG at 587. Inverted 
repeats AAGCAGCTC and GAGCTGCTT are at 6025 and 6051. Possible stop codons 

30 (TAA, TAG, TGA) are indicated with an * (5963). 

SEQ ID No's 13 and 14 give the nucleotide and amino acid sequence, respectively, of the 
glucansucrase I from strain MLl (Example 3). The sequence shows 1327/1775 (74%) 
sequence identity and 1465/1775 (81%) similarity with 17/1775 gaps with glucansucrase 
bom Lb. reuteri LB 121 as disclosed in WO 01/90372, and 43-44% sequence identity and 

35 57-58% similarity with dextransucrases of Lc. mes. and 47% sequence identity and 61% 
similarity with an altemansucrases of Lc. mes. The RBS AAGGAGA is at 31 and the start 
codon ATG is at 43. A stop codon TAG is at 5356. 

SEQ ID No*s 15 and 16 give the partial nucleotide and amino acid sequence, respectively, 
of a second glucansucrase from strain MLl (ML4) (Example 3). The sequence shows 
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301/817 (36%) sequence identity and 427/817 (51%) similarity with 12/817 gaps with 
glucansucrase from Lb. reuieri LB 121 as disclosed in WO 01/90372, and 38% sequence 
identity and 53% similarity with glucosyltransferase of Streptococcus mutans. 
SEQ ID No's 17 and 18 give the partial nucleotide and amino acid sequence, respectively, 
5 of the glucansucrase from strain LB 33 (Example 4). The sequmce shows 59% sequence 
identity and 71% similarity with several known dextransucrases of £c. mes. and 53% 
sequence identity and 67% similarity with other known dextransucrases (including 
dextransucrase DSRB742) of Lc. mes. 

SEQ ID No's 19 and 20 give the nucleotide and amino acid sequence, respectively, of the 
10 glucansucrase from Lb, strain KG 15 (Example 6). The sequence shows 496/1 111 (44%) 
sequence identity and 637/1111 (56%) similarity with 71/1111 gaps with glucansucrase 
from Lb. reuteri LB 121 as disclosed in WO 01/90372, and 57-59% sequence identity and 
70% similarity with several dextransucrases (including dextransucrase DSRB742) of Lc, 
mes. The -35 and -10 sites TTGGAC and TATTATare located at nucleotide positions 477 
15 and 502, respectively. The RBS GAAAGGA is at 593 and the start codon ATG at 608. A 
stop codon TAG is 5393. Inverted repeats AAAACAACCCCC and GGGGTTGTTTTT 
are at 5497 and 55 31 (-10.7 kcal/mole). 

SEQ ID No's 21 and 22 give the partial nucleotide and amino acid sequence, respectively, 
of the glucansucrase from Lb. strain KG 3 (Example 7). The sequence shows 58 sequence 
20 identity and 71% similarity with known dextransucrases (including dextransucrase 
DSRB742) of Lc. mes.. 

Description of the figure 

Figure 1 depicts an amino acid sequence alignment of glucosyltransferases (GTF) 
25 according to the invention. It shows the partial sequences of the GTF of Lb 180 (first line, 
starting with amino acid 216 of SEQ ID No. 12); GTF of MLl (second line, starting with 
amino acid 15 of SEQ ED No. 14), GTF of Lb 33 (third line, starting with amino acid 222 
or 243 of SEQ ID No. 18); GTF of KG15 (fourth line, starting with amino acid 567 of 
SEQ ID No. 20) and GTF of KG3 (fifth line, starting with amino acid 1 (LMAAF) of 
30 SEQ ID No. 22); and a GTF according to the invention of a Lb. reuteri strain "104" (sixth 
line, 1 (WPNTV) - 525). The alignment is not necessarily the best fit according to 
automated alignment programs, but is intended to define the enzymes of the invention. 
The invention not only covers amino acid sequences shown in this figure, but also 
sequences wherein amino acids of a given sequence in the figure are exchanged with the 
35 corresponding amino acids (including gaps) of another sequence of the figure. This 
applies to stretches of at least 100 amino acids having at least 80%, preferably at least 
90% identity with any of the sequences of the figure, or of the sequences listings given 
separately. It especially applies to the stretch of amino acids between the consensus 
peptides DNSN and YYGD (firom 1202 to 1422 of SEQ ID No 12). Especially preferred 
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are sequences comprising the active core of the enzymes, which are present between the 
consensus peptides INGQ and VPDQ (from 957 to 1724 of SEQ ED No 12), with 
preferably at least 70% identity with any one of the core sequences given. A preferred 
non-identity with a given sequence is an exchange with the corresponding amino acids of 

5 another sequence. Especially preferred sequences are those where an amino acid at a 
given position is shared between at least 2, in particular at least 3, of the sequences of the 
figure. Most preferred are those sequences in which one of those consensiis sequences is 
that of the GTF of Lbl80, MLl or Lb33 (first three lines). The N-terminal part upstream 
of the core (shown in the figure for GTF 180 and GTF MLl only), or the C-terminal part 

10 downstream of the core (not shown in the figure) may be wholly or partly present or may 
be absent. 
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1. A process of producing a glucan having at least 10 anhydroglucose units, having a 
backbone consisting essentially of <x(l,3)- and/or a(l,6)-l]nked anhydroglucose units 
(AGU), comprising subjecting sucrose to the activity of a glucosyltransferase produced 
by a Lactobacillus strain capable of producing a(l,3)- and/or a(l,6)*Iinked glucans, or 
to the Lactobacillus strain c£Q>able of expressing the glucsylfiransferase. 

2. A Lactobacillus strain cs^able of producing, in the presence of sucrose, a glucan 
having at least 10 anhydroglucose units (AGU) having a backbone consisting 
essentially of a(l,3)- and/or a(l,6)-linked AGU. 

3. A glucan capable of being produced by glucosyltransferase activity of a lactic acid 
bacterium on a sucrose substrate, the glucan having an average molecular weight 
between 10 kDa and 1 GDa, especially between lOkDa and SO MDa, and having a 
backbone consisting essentially of a(l,3)- and a(l,6)-linked anhydroglucose units 
(AGU). 

4. A glucan according to claim 3, which is capable of being produced by glucosyl- 
transferase activity of a Lactobacillus species. 

5. A glucan according to claim 4, comprising 15-80% of a(l,3)-linked AGU, 2-80% 
of a(l,6)-Iinked AGU, and 2-25% of a-(l,3,6).linked AGU. 

6. A glucan according to claim 5, having an average molecular weight of 50 kDa - 1 
MDa and comprising 30-45% of a(l,3)-linked AGU, 30-45% of a(l,6)-linked AGU, 
and 3-13% of a(l,3,6)-linked AGU. 

7. A glucan according to claim 5, having an average molecular weight of 10-50 MDa 
and comprising 15-26% a(l,3)-Unked AGU, 30-50% of a(l,6)-linked AGU, 5-20% of 
a(l,3,6)-linkedAGU. 

8. A glucan according to claim 5, having an average molecular weight of 1-50 MDa 
and comprising 45-60% of a(l,3)-linked AGU. 4-10% of a(l,6)-Unked AGU, and 10- 
20% of a(l,3,6)-luiked AGU. 
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9. A glucan capable of being produced by glucosyltransferase activity of a lactic acid 
bacterium on a sucrose substrate, having an average molecular weight of 10-50 MDa 
and comprising 80-99% of a(l, delinked AGU and 0-15% of a(l,3).linked AGU. 

10. A protein having glucosyltransferase activity, capable of producing, in the presence 
of sucrose, a glucan according to any one of claims 3-9. 

11. A protein according to claim 10, comprising an amino acid sequence of at least 100 
amino acids exhibiting at least 70%, preferably at least 80%, amino acid identity with 
any one of the amino acid sequences of SEQ ID No. 2, 4, 8, 10, 12, 14, 16, 18, 20 and 
22, and/or having a stretch of 100 amino acids having at least 80%, preferably at least 
90%, amino acid identity with any one of the said amino acid sequences, or having at 
least 99% amino acid identity with the amino acid sequence of SEQ ID No. 6, and/or 
having a stretch of 100 amino acids having 100% amino acid identity with the amino 
acid sequence of SEQ ID No. 6. 

12. A nucleic acid sequence encoding a protein according to claim 1 1 . 

13. A recombinant host cell containing one or more copies of a nucleic acid constmct 
comprising a nucleic acid sequence according to claim 12 and citable of expressing a 
protein having glucosyl-transferase activity. 

14. A Lactobacillus strain, capable of producing a glucan according to any one of 
claims 3-9, especially a Lactobacillus strain corresponding to strain 33, 180 or MLl as 
described herein. 

15. A Leuconostoc strain, capable of producing a glucan according to claim 9, 
especially a Leuconostoc strain corresponding to strain 86, deposited under accession 
number LMG P-20350. 

16. A chemically modified glucan, which is obtained by 2,3-oxidation, 6-oxidation, 
phosphorylation, acylation, alkylation, hydroxyalkylation, carboxymethylation, amino- 
alkylation of one or more AGU of a glucan according to any one of claims 3-9, 

17. Use of a glucan according to any one of claims 3-9, as a thickener. 

18. Use of a glucan according to any one of claims 3-9, as a prebiotic and/or as a 
bioactive agent. 
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wo 03/008618 PCT/NL02/00495 

19 

19. Use of a glucan according to any one of claims 3-9, as an anti-corrosion agent 

20. Use of a Lactobacillus bacterium capable of producing a glucan according to any 
one of claims 3-9, as a probiotic agent, or together with an indigestible glucan, as a 
synbiotic agent 
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F/6. 1 SEQUENCE AUGNMENT 



216 meikkhfklyksgkqwvtaayatvavstallyggvahadqqvqssttqeqtstvn;^ 

1 5 mei kkh fklyksgkqwvtaavatvavstally ggvahadqqvqs sttqdqtstvntnttk 

27 6 TVNLDTNTDQPAQTTDKNQVANDTTTNQSKTDSTSTTVKNPTFIPVSTLSSSDNEKQSQN 

7 5 TIAADTHADQPAQTADKNQAASNDITNQSKTDSTSTTVKNLTSTPVSTLPSTDNEKQNQN 

336 YNKPDNGNYGim)AAYFNNNQLHISGWHATNASQGTDSRQVIVW)ITTKTELGRTNVTNN 

135 YNKHDNGNYGMIDTAYFSNNQLHVSGWNATNASQGTNSRQIIVroiTTNNELGRTDVTNN 

396 VLRPDVKNVHNVYNADNSGFDVNINIDFSKMKDYRDSIEIVSRYSGNGKSVDWWSQPITF 

195 VARPDVKNVHNVYNADNSGFDINWIEFSKMKDYRDSIEIVSRYSGNGKSIDWWSQPITF 

456 DKNN YAYLDTFEVKNGELHATGWNATNKAINYNHHFVI LFDRTNGKEVTRQEVRDGQS RP 

255 DKNN YAYLDTFEVKNGELHATGWNATNSAINYNHHFVI LFDQTNGKEVARQEVREGQS RP 

516 DVAKVYPQWGANNSGFDVTFNIGDLDYTHQYQILSRYSNADNGEGDYVTYWFAPQSIAP 

315 DVAK\rfPQWGADNSGFD\n:FNIGNLDYTHQYQVLSRYSNSDNGEGDNVTYWFNPQSIAP 

576 ANQSNQGYLDSFDI SKNGEVTWGWNATDLSELQTNHYVI LFDQTAGQQVASAKVDLI SR 

375 ANQSNQGYLDS FDI SKNGEVTVTGWNATDLSELQNNHYVI LFDQTAGKQVASAKADLI SR 

636 PDVAKAYPTVKTAETSGFKVTFKVSNLQPGHQYSWSRFSADENGNGNDKRHTDYWYS PV 

435 PDVAKAYPTVKTAANSGFKVTFKVNDLQPGHQYSWSRFSADENGNGNDKRHTDYWFS PV 

696 TLNQTASNIDTITMTSNGLHITGWMASDNSINEATPYAIILNNGREVTRQKLTLIARPDV 

495 TLNQNASNIDTITMTSNGLHIGSWMASDNSINETTPYAIILNNGKEVTRQKMSLTARPDV 

756 AAVYP S LYNSAVSGFDTT I KLTNAQYQALNGQLQVLLRFS KAVDGNPNGTNTVTDQFS KN 

555 AAVYP S LYN SAVSGFDTT I KLTNDQYQALNGQLQVLLRFS KAADGNP S GDNTVTDQ FS KN 

816 YATTGGNFDYVKVNGNQIEFSGWHATNQSNDKNSQWIIVLVNGKEVKRQLVNDTKDGAAG 

615 YATTGGNFDYVKVNGNQVEFSGWHATNQSNDKDSQWIIVLVNGKEVKRQLVNDTKEGAAG 

876 FNRNDVYKVNPAIENSIMSGFQGIITLPVTVKDENVQLVHRFSNDAKTGEGNYVDFWSEV 

67 5 FNRNDVYKVNPAI ENSSMSGFQGI ITLPVTVKNENVQI VHRFSNDAKTGEGSHVDFWS EV 

936 MSVKDSFQKGNGPLNQFGLQTINGQQYYIDPTTGQPRKNFLLQNGNDWIYFDKDTGAGTN 

735 MPVKDS FQKGNGPLKQFGLQT ING HQYYIDPMTGQPRKNFLLQNGNDWLYFDNETGEGTN 

222 VNG KIYFVGDNGQVKKNFTAI INGQ SLYFNKTTGELASNDVQYENGLVKINDV 
567 QTIAGKTYYFDKD GHLRKGYSTIIDNQLYYFDLKTGESVS 

996 ALKLQFDKGTI SADEQYRRGNEAYS YDDKS I ENVNGYLTADTWYRPKQI LKDGTTWTDS K 

795 ALKRQFDGGTISADSQYRKGNEAYGYDNKSIENVDGFLTADTWYRPKQILKW TTWTDSK 
275 HNAAYSIDP7GFTNVNGFLTANSWYRPKYIYKDGQKWVEST 

607 TTTSNFKSGLTSQTDDTTPHNSAVNMSKDSFTTVDGFLTAESWYVPKDIQTSATDWRAST 

1056 ETDMRPIXiMNWWPNTVTQAYYLNYMKQYGMLLPASLPSFSTDADSAEIJ^^ 
854 ETDMRPLLMVWWPNTVTQAYYLNYMKQHGNLLPANLPFFNSD/VDPLELNYYAEIVQQNI E 
316 SQDMRPLLMTWWPDKNTQVAYLQYM QKMGIIiPADVTISSQTNQSVLTKESF ITQAEIE 
666 PEDFRPIMMTWWPTKQIQAAYLNHMVSEG LLSSDKKFSATD DQTLLNQAAHAVQLQIE 

(0) 

1 WPNTVTQAYYLNYMKQHGNLLPASLPFFNADADPAELNHYSEIVQQNIE 
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1116 KRISET GSTDWLRTLMHEFVrrKNSMWNKDSENVDYGGLQI-QGGFLKYVNSDLTKYANSDW 
914 KKISQT GNTDWLRTLMHEFVSNNTMWNIWSENEDFGGLQLQGGFLKYVNSDKTPNANSNW 
374 KQIGVTNGNTDWLKKDISDFVNSQPNWNIDSEAKGTDH LQGGALLYVNNKLTPYANSDY 
725 LKIQQT KSVEWLRTTMHNFIKSQPGYNVTSETPSNDH LQGGALSYINSVLTPDANSNF 
1 LMAAFNA/TQPQWNKTSEDVNDDH LQGGALTFENNGDT DANSDY 

50 KRISET GNTDWLRTLMHEF\n'KNSMWNKDSENVDYGGLQLQGGFLKYVNSDLTKYANSDW 

1176 RLMNRTATNIDGKNY GGAEFLLANDI DNSNPWQAE ELNWLYYLMNFGTITGN 
974 RIMGRQPANIDGNGP IGSEFLLANDVDNSNPWQMQLNWLHYLLNFGTITAN 
433 RLLNRTLTNQQGQVKDTS KQGGYEMLLANDVDNSNPWQAEQLNWLYYMMNIGSITAN 
783 RLMNRNPTQQDGTRHYNTDTS EGGYELLIJU^DVDNSNP WQAEQLNWLYFLTHFGEIVKN 
4 4 RLMNRTPTNQTGERLYHIDDSLGGYELLLANDVDNSNPQVQAEQLNWLYYLMHFGDITAD 
110 RLMDRTATNIDGKNY GGAEFLLANDIDNSNPWQAEELNWLYYLMNFGTITGN 

1229 NPEANFDGIRVDAVDNVBVDLLSIARDYFNAAYNMEQSDASANKHINILEDWGWDDPAYV 
1027 DPDANFDSIRVDAVDNVDADLLDIAGDYFNAVYHSQSNDKIANAHINILEDWGGQDPYYT 
491 DPTANFDGYRVDAVDNVDADLLNIAADYAKAYKTN QSDANANKHLSILEDWDNNDPAYI 
843 DPSANFDSVRVDAVDNVDADLLNITAAYFRDVYGVDKNDLTANQHLSILEDWGHNDPLYV 
104 DPDANFDAI RI DAVDNVDADLLQLAAQYFRDAYGMATTDATSNKHLS I LEDWSHNDPAYM 

1 63 NPEANFDGIRVDAVDNVDVDLLSIARDYFNAAYNMEQSDAMANKHINILEDWGWDDP 

1289 NKIGNPQLTMDDRLRNAIMDTLSGAPDKNQALNKLITQSLVNRANDN TENAVIPSYNFV 
1087 QSIGTPQLSMDYNFSTIRSVLASNTASMTD IIKNSLVNRSLDN AENVSIPNYSFI 
551 KAHGNNQLTMDFPAHLAIKYSLNMPVSQRSGLEPELTTSLVNRTGDDSTENVAQPNYTFI 
903 KDHGSDQLTMDDYMHTQLIWSLTKNPDNRSAMRRFMEYYLVDRAKDN TSDPAIPNYSFV 

164 QAHGNDQLTMDDYMHTQLIWSLTKPEAQRGTMARFMDFYLTNRANDD TENTAQPSYSFV 
223 NKIGNPQLTMDDRLRNAIMDTLSGAPDKNQALNKLITQSLVNRANDN TENAVIPSYNFV 

1348 RAHDSNAQDQI RQAIQAATGKPYGE FNLDDEKKGMEAYINDQNSTNKKWNLYNMPSAY 
1142 RAHDNGSQDDIKRAISDVNNLPYGSK FNFEQEQKGIEAYIADQSNVNKKWNNYNI PSSY 
611 RAHDSEVQTIIAQIIKDKINPNSDGLTVTPDEISQAFKIYNADELKTDKQYTFYNMPSAY 
962 RAHDSEVQTVIGDIVAKLYPDVKNSL PSMEQLAAAFKVYDADMNSVNKKYTQYNMPAAY 
223 RAHDSEVQTVIAEI VTKLHPEAGNGLMPTEEQMAEAFKI YNADQKKAVKTYTH YNMPSAY 

282 RAHDSNAQDQI RQAIQAATGKPYGE FNLDDEKKGMEAYINDQNSTNKKWNLYNMPSAY 

14 06 TILLTNKDS VPRVYYGD LYQDGGQYMEHKTRYFDTITNLLKTRVKYVAGGQTMSVDKN 
1201 AIMLTNKDTVPRVYYGDIiFTDGGQYMAQTTRYYPALTSLLKARI KYVAGGQTMS VDKN 

67 1 TILLTNKDTVPRVYYGDLYSDNGNYMSAHSPYYDAITTLLKTRMKYVSGGQNMRMQYMQG . 
102 1 AMLLTNKDTIPRVYYGDMYTDDGQYMATKSPYYDAISALLKARIKYVAGGQTMAVDKH 

283 AMLLTNKDVI PRI YYGDLYTDDGQFMATKS PYFDAI STMLQARTKYVAGGQTMAVDQH 
340 TILLTNKDSVPRVYYGDLYQDGGQYMEHKTRYFDTITNLLKTRVKYVAGGQTMSVDKN 



1464 GILTNVRFGKGAMNATDTGTDETRTEGIGWISNNTNLKLNDGESWLHMG 
1259 NI LTSVRFGKGAMNPTDMGDSLTRTSGVGWI SNNDKLLLS SNDKWLHMG 

731 DDMPANSYKGVLTSVRYGKGEMTADEQGNSETRTQGIGVI I SNNPNLKLDSNDQWLNMG 
1079 DILTSVRFGDGIMNASDKGSTTARTQGIGVIVSNNDALAL KGDTVTLHMG 

341 DVLTSVRFGKGAMTANDLGDAETRTEGVGLII SNNPKLQLGQQDNWLHMG 

398 GILTSVRFGKGAMNATDTGTDETRTEGIGVVI SNNTNLKLNDGESWLHMG 



1515 AAHKNQKYRAVILTTEDGVKNYTNDTDAPVAYTDANGDLHFTNTNLDG QQYTAVRG 
1310 AAHKNQKFKAVLLTTNDGIQSF NDDNAPVAYTDANGDLVLSGKDITTDGVIQHNTAVKG 
791 AAHENQTYRPVLLTTKDGLKNYDSDSSVPQNALVSTNDKGQLIFKASS IQG 
1129 lAHANQAYRALLLTTTDGLMKYTSDNGAPIRYTDANGDLIFTSADI KG 
392 LAHANQAFRAWLTTATGLTIY NDDDAPIRYTDNKGDLIFTNHDV YG 
449 AAHKNQKYRAVILTTEDGVKNYTNDTDAPVAYTDANGDLHFTNTNLDG QQYTAVRG 
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1571 YANPDWGYLAVWVPAGAADDQDARTAPSDEAHTTKTAYRSKAALDSNVTYEGFSNFIYW 
1369 YANADVKGYIAVWWVGASVCK2DIRTAPSGVQSE>GKS\rraSNAALDSNIIFEGFSNF\^^ 

842 VSNPQVSGYLSVWVPVGAKDNQDARTASSSQPSTDGKTYHSNAALDSQVIYEGFSNFQSI 
1177 YQNVEVSGFLSVWVPVGASDTQDAWVTGSSAANKTGDTMSN/KALDSNVIYE 

439 VLNPQVSGFLAMWVPTGAPANQDARSTASTNMSTDGSAYHSNAALbSQVIFESFSNFQAM 

505 YANPDVTGYIAVWVPAGAADD 

1631 PTTESERTNVRIAQNADLFKSWGITTFELAPQYNSSKDGTFLDSIIDNGYAFTDRYDLGM 

1429 PTNNSERANVKIAQNTDLFKELGITSFEIAPQYNSSKDGTFLDSQI DNGYAFTDRYDLGM 

902 PTNTEDFTNVKI AQNANLFKSLGITS FELAPQYRS SNDN S FLDS WQNGYAFTDRYDI GY 

1237 PTAHDEFTNVKIAQNADLFKSWGVTSFQLAPQYRSSDDTSFLDSIIKNGYAFTDRYDLGF 

499 PTSHDTYTNVVIANHADQLHDWGITSVQLAPQYRSSTDGTFLDAI IQNGYAFTDRYDLGF 

1691 STPNKYGSDEDLRNALQALHKAGLQAIADW VPDQ I YNLPGKEAVTVTRSDDHGTTWEVS P 
1489 5IPNKYGSDTDLRNAIKALHKAGIQAMADW^ ^DQ IYNLPGKEV^^'ATRVDERGNDW^rV/AQ 

962 NTPTKYGTVTQLLDALRALHANGIQAIDDW VPE)Q IYNLPGEEIVAAQRTWGSGTYDQDSV 
1297 NTPTKYGDVDDLADAIRAMHSVGIQVMADF VPDQ IYNLPGQEWAVNRTNNFGTPNQDSD 

559 GTPTKYGDDTDLRNVIKALHANGMQVMADF VPDQ LYTLPGKELVQVTRTNNMGEPDTHSD 
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SEQUENCE LISTING 



<110> TNO 



<120> Novel glucans and novel glucansucrases derived from 
lactic acid bacteria 

<130> Novel glucans and glucansucrases 

<140> 
<141> 

<160> 10 

<170> Patentin Ver- 2,1 

<210> 1 
<211> 665 
<212> DNA 

<213> Lactobacillus reuteri 



<400> 1 

gataatacga 

ttcggtacaa 

gttgataatg 

aacatggagc 

tgggatgatc 

ttacgaaatg 

aaattaatta 

ccaagctata 

attcaagctg 

atggaagcat 

ccttctgctt 

gacat 



atccggtggt 

ttacaggaaa 

tagatgttga 

aaagtgatgc 

ctgcttatgt 

caattatgga 

ctcagtcatt 

attttgttcg 

caactggaaa 

atattaatga 

atactattct 



gcaagctgaa 

taatcctgaa 

cttattgagt 

cagtgctaat 

aaataagatt 

tacattatca 

agtaaatcgt 

agcacatgat 

accatatggc 

tcagaattct 

tctaacaaat 



gaattaaact 
gctaattttg 
attgcacgtg 
aagcacatta 
ggaaatcctc 
ggagcacctg 
'gctaatgata 
agtaatgctc 
gaatttaact 
actaataaga 
aaagattcag 



ggctttacta 
atggtattcg 
attactttaa 
atattttgga 
aa ttaacaat 
ataaaaacca 
atactgaaaa 
aagaccaaat 
taga tgatga 
agtggaatct 
ttccccacgt 



tttaatgaat 

agtggatgct 

tgcagcatat 

agattgggga 

ggatgatcgt 

agcattgaat 

cgcggttatt 

tcgtcaggct 

aaagaagggt 

t tacaatatg 

ctactatggc 



60 

120 

180 

240 

300 

360 

420 

400 

540 

600 

660 

665 



<210> 2 
<211> 221 
<212> PRT 

<213> Lactobacillus reuteri 
<400> 2 

Asp Asn Thr Asn Pro Val Val Gin Ala Glu Glu Leu Asn Trp Leu Tyr 
1 5 10 15 

Tyr Leu Met Asn Phe Gly Thr lie Thr Gly Asn Asn Pro Glu Ala Asn 
20 25 30 

Phe Asp Gly He Arg Val Asp Ala Val Asp Asn Val Asp Val Asp Leu 
35 40 45 

Leu Ser He Ala Arg Asp Tyr Phe Asn Ala Ala Tyr Asn Met Glu Gin 
50 55 60 

Ser Asp Ala Ser Ala Asn Lys His lie Asn He Leu Glu Asp Trp Gly 
^5 70 75 80 

Trp Asp Asp Pro Ala Tyr Val Asn Lys He Gly Asn Pro Gin Leu Thr 

85 90 gr, 



Met Asp Asp Arg Leu Arg Asn Ala He Met Asp Thr Leu Snr Gly Ala 
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100 105 110 

Pro Asp Lys Asn Gin Ala Leu Asn Lys Leu lie Thr Gin Ser Leu Val 
115 120 125 

Asn Arg Ala Asn Asp Asn Thr Glu Asn Ala Val lie Pro Ser Tyr Asn 
130 135 140 

Phe Val Arg Ala His Asp Ser Asn Ala Gin Asp Gin lie Arg Gin Ala 
145 150 155. 160 

lie Gin Ala Ala Thr Gly Lys Pro Tyr Gly Glu Phe Asn Leu Asp Asp 
165 170 175 

Glu Lys Lys Gly Met Glu Ala Tyr He Asn Asp Gin Asn Ser Thr Asn 
180 185 190 

Lys Lys Trp Asn Leu Tyr Asn Met Pro Ser Ala Tyr Thr He Leu Leu 
195 200 205 

Thr Asn Lys Asp Ser Val Pro His Val Tyr Tyr Gly Asp 
210 215 220 



<210> 3 
<211> 674 
<212> DNA 

<213> Lactobacillus strain LB 33 ' 
<400> 3 

gacaattcga atccggtggt gcaagcggaa cagttaaact ggttatacta catgatgaat 60 

ataggtagca ttactgccaa tgatcccacc gcaaactttg atggctatcg agtggacgct 120 

gtggacaatg tcgatgctga tttattaaat atagctgccg atf^tgccaa agatgctt.^t ino 

aaaactaatc aaagtgatgc taatgccaac aaacatttat caat:attaga agattgggat ?40 

aataatgatc cggcttatat caaagcacat ggaaataatic agttaactat ggatttccca 300 

gcacatttag caattaaata ttcattaaat atgccagtaa gtcaacgaag tgggctggaa 360 

ccagagctca caaccagttt agttaacaga actggtgatg attctactga aaatgtcgca '420 

cagccaaact atacttttat tagggctcac gatagtgaag tgcaaacaah catcgcacaa 400 

attatcaaag ataaaatcaa ccctaactct gacggattaa cagttactcc cgatgaaaria r>4n 

agtcaggcct ttaaaatata taatgcagat gaattaaaga ctgataaara atatactttt r>00 

tataacatgc cctctgccta tactattttg ctaaccaata aagatacagt accccacctc ^60 

tattacggcg acat 674 



<210> 4 
<211> 224 
<212> PRT 

<213> Lactobacillus strain LB 33 
<400> 4 

Asp Asn Ser Asn Pro Val Val Gin Ala Glu Gin Leu Asn Trp Leu Tyr 
1 5 10 15 

Tyr Met Met Asn lie Gly Ser He Thr Ala Asn Asp Pro Thr Ala Asn 
20 25 30 

Phe Asp Gly Tyr Arg Val Asp Ala Val Asp Asn Val Asp Ala Asp F.ru 
35 40 4fi 

Leu Asn Tlrs Ala Ala Asp Tyr Ala Lys Asp Ala Tyr T.ys Thr A^n r.ln 

SUBSTITUTE SHEET (RULE 26) 



wo 03/008618 PCT/NL02/00495 

-3/28 

50 55 60 

Ser Asp Ala JVsn Ala Asn Lys His Leu Ser He Leu Glu Asp TrtfrSSD 
«5 70 75 *^ 80 

Asn Asn Asp Pro Ala Tyr He Lys Ala His Gly Asn Asn Gin Leu Thr 

85 90 95 

Met Asp Phe Pro Ala His Leu Ala He Lys Tyr Ser Leu Asn Met Pro 
100 105 110 

Val Ser Gin Arg Ser Gly Leu Glu Pro Glu Leu Thr Thr Ser Leu Val 
115 120 125 

Asn Arg Thr Gly Asp Asp Ser Thr Glu Asn Val Ala Gin Pro Asn Tyr 
130 135 

Thr Phe He Arg Ala His Asp Ser Glu Val Gin Thr He He Ala Gin 
1<5 150 155 

He He Lys Asp Lys He Asn Pro Asn Ser Asp Gly Leu Thr Val Thr 
165 170 175 

Pro ASP Glu He Ser Gin Ala Phe Lys He Tyr Asn Ala Asp Glu Leu 
180 185 190 

Lys Thr Asp Lys Gin Tyr Thr Phe Tyr Asn Met Pro Ser Ala Tyr Thr 
195 200 205 

He Leu Leu Thr Asn Lys Asp Thr Val Pro His Leu Tyr Tyr Gly Asp 

215 220 



<210> 5 
<211> 671 
<212> DNA 

<213> LeuconostoG strain 86 



<400> 5 

gacaacacga 

tttggtagca 

gtcgataatg 

ggtgttgata 

cataacgacc 

atgcataccc 

cgcttcatgg 

ccaaattaca 

atttctgagt 

gaagccttta 

aacatgccta 

tatggcgaca 



acccggtggt 
ttacagcaaa 
ttgacgctga 
aaaatgacgc 
ctgaatacgt 
agttaatctg 
actattacct 
gctttgttcg 
tacatcccga 
aagtttataa 
gcgcctatgc 
t 



gcaagctgag 
cgattctgct 
tttactccag 
aacagcaaat 
gaaggatttt 
gtcgttgact 
cgtcaatcgc 
cgcacacgat 
cgtaaaaaat 
taacgatgaa 
gatgctgtta 



cagttaaatt 
gctaattttg 
attgcagcag 
caacatcttt 
ggtaataatc 
aaagatatgc 
aatcacgata 
agtgaagi-.ac 
agtttggcac 
aaacaggcgg 
actaataaag 



ggt.tacacta 
atgagatacg 
attatttcaa 
caattcttga 
aactcacaat 
gtatgcgtgg 
gtaccgaaaa 
aaacagtcat 
caacagcaga 
ataagaaata 
atacagtacc 



tttgahgaat 
tgtcgatgct 
agctgcttat 
agattggagc 
ggatgattac 
taccatgcaa 
cactgccatt 
tgchcaaatt 
ccagctagcc 
tacacaatac 
ccgcgtctac 



60 

^20 

100 

240 

300 

360 

47.0 

400 

540 

600 

660 

671 



<210> 6 
<211> 223 
<212> PRT 

<213> Leuconostoc strain 86 
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<400> 6 

Asp Asn Thr Asn Pro Val Val Gin Ala Glu Gin Leu Asn Trp Leu His 
1-5 10 15 

Tyr Leu Met Asn Phe Gly Ser He Thr Ala Asn Asp Ser Ala Ala Asn 
20 25 30 

Phe Asp Glu He Arg Val Asp Ala Val Asp Asn Val Asp Ala Asp Leu 
35 40 45 

Leu Gin He Ala Ala Asp Tyr Phe Lys Ala Ala Tyr Gly Val Asp Lys 
50 55 60 

Asn Asp Ala Thr Ala Asn Gin His Leu Ser He Leu Glu Asp Trp Ser 
65 70 75 80 

His Asn Asp Pro Glu Tyr Val Lys Asp Phe Gly Asn Asn Gin Leu Thr 

85 90 95 

Met Asp Asp Tyr Met His Thr Gin Leu He Trp Ser Leu Thr Lys Asp 
100 105 110 

Met Arg Met Arg Gly Thr Met Gin Arg Phe Met Asp Tyr Tyr Leu Val 
115 120 125 

Asn Arg Asn His Asp Ser Thr Glu Asn Thr Ala He Pro Asn Tyr Ser 
130 135 140 

Phe Val Arg Ala His Asp Ser Glu Val Gin Thr Val He Ala Gin Tie 

150 155 160 

He Ser Glu Leu His Pro Asp Val Lys Asn Ser Leu Ala Pro Thr Ala 
165 170 175 

Asp Gin Leu Ala Glu Ala Phe Lys Val Tyr Asn Asn Asp Glu Lys Gin 
180 185 ^ 190 

Ala Asp Lys Lys Tyr Thr Gin Tyr Asn Met Pro Ser Ala Tyr Ala Met 
195 200 205 

Leu Leu Thr Asn Lys Asp Thr Val Pro Arg Val» Tyr Tyr Glv Asn 
210 215 220 



<210> 7 
<211> 746 
<212> DNA 

<213> Leuconostoc strain 86 



<400> 7 

gactcactat 

ggatatctgc 

attggctaca 

ttgacagcat 

gtgattactt 

tttctatttt 

cacaattaac 

caaataatcq 

aaggatggta 



agggcgaatt 
agaattcgcc 
ctatttgatg 
aagagttgac 
taatgcagta 
agaagattgg 
acttaacaca 
ttggggggat 
aaatccttat 



gggccctcta 
cttgacaatt 
aatcttggaa 
gctgtcgata 
tacaaggtta 
agtggat tag 
ggggttcaaa 
agactcat tg 
tcctaatta t 



gatgcatgct 

ggaatccggt 

cgat tacagC 

atgtggatgc 

accaaagtga 

atcccaatga 

attrrattatrt 

att:gat:aaat 

aqt h trqtar 



cgagcggccg 
ggtgcaagct 
taatgatcca 
agatt tgtta 
tgttaatgct 
gg^tq^ taaa 
aaafqntttq 
caacaat qaq 
gtqrar-ar'qa 



ccagtgtgat 60 

gaacagttga 120 

gatgctaatt IflO 

gatattgcac 240 

aataaacata 30n 
aatqqgaatc 

acaaaqqqgc 4 20 

atntrccaqat 4n(> 

taqtgaaqtt S4n 
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caaggtatta ttggcaaata ttaacagatc atacgtcagc cgaatcaggt aataaattca 600 
caaaggatcc attaaaacag gcttggatta ttactatgct gaatcaagaw tagactgtta 660 
aagaatattc gcactataat atggcgagtg cttatgcagc attgttaaca aattaagata 720 
ccattcccaa ctctactacg gcgact 746 

<210> 8 
<211> 221 
<212> PRT 

<213> Leuconostoc strain 86 
<400> 8 

Asp Asn Trp Asn Pro Val Val Gin Ala Glu Gin Leu Asn Trp Leu His 
1 5 10 15 

Tyr Leu Met Asn Leu Gly Thr lie Thr Ala Asn Asp Pro Asp Ala Asn 
20 25 30 

Phe Asp Ser lie Arg Val Asp Ala Val Asp Asn Val Asp Ala Asp Leu 
35 40 45 

Leu Asp lie Ala Arg Asp Tyr Phe Asn Ala Val Tyr Lys Val Asn Gin 
50 55 60 

Ser Asp Val Asn Ala Asn Lys His lie Ser lie Leu Glu Asp Trp Ser 
65 70 75 80 

Gly Leu Asp Pro Asn Glu Val Val Lys Asn Gly Asn Pro Gin Leu Thr 

85 90 95 

Leu Asn Thr Gly Val Gin Asn Ser Leu Leu Asn Ala Leu Thr Lys Gly 
100 105 110 

Pro Asn Asn Arg Trp Gly lie Asp Ser Leu lie Asp Lys Ser Thr Met 
115 120 125 

Arg Tyr Pro Asp Lys Asp Gly Lys lie Leu lie Pro Asn Tyr Ser Phe 
130 135 140 

Val Arg Ala His Asp Ser Glu Val Gin Gly lie lie Gly Lys He Leu 
1^5 150 155 160 

Thr Asp His Thr Ser Ala Glu Ser Gly Asn Lys Phe Thr Lys Asp Gin 
165 170 175 

Leu Lys Gin Ala Leu Asp Tyr Tyr Tyr Ala Asp Gin Asp Lys Thr Val 
180 185 190 

Lys Glu Tyr Ser His Tyr Asn Met Ala Ser Ala Tyr Ala Ala Leu Leu 
195 200 . 205 

Thr Asn Lys Asn Thr He Pro Asn Leu Tyr Tyr Gly Asp 
210 215 220 



<210> 9 
<211> 670 
<212> DNA 

<213> Leuconostoc strain 86 
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<400> 9 

gataattcga atccgatggt gcaagctgag caattgaact ggcttcapta catgatgaac 60 
attggtacta tagctcagaa cgacccaaca gctaattttg acggttatcg tgttgatgcg 120 
gttgataatg ttgaligccga tctcttacaa attgctggtg attactttaa agctgcatac 180 
ggtactggta aaactgaggc aaacgcaaac aatcatattt cgatcttgga agattgggat 240 
aataatgatt ctgcgtacat taaagcccac gggaacaacc aattgacaat ggattttcca 300 
gcacacttgg ctttgaaata cgccttgaac atgcctcttg ccgcacaaag tggcctagaa 360 
ccgctaatta atacaagtct tgttaagcgt gggaaagatg ccacagaaaa tgaagcacaa 420 
ccaaactatg cctttatccg tgcccatgat agtgaagtgc agacagttat tgcacaaatt 480 
attaaggata aaattaacac aaaatcagac ggcttaactg taacaccaga tgagattaag 540 
caagctttca atatttacaa cgccgatgaa ttaaaagcag ataaggaata tacagcatac 600 
aatattcctg cttcttacgc tgtattgttg acaaacaagg atactgtgcc cgcgtctact 660 
atggcgacct 



<210> 10 
<211> 223 
<212> PRT 

<213> Leuconostoc strain 86 
<400> 10 

Asp Asn Ser Asn Pro Met Val Gin Ala Glu Gin Leu Asn Trp Leu His 
15 10 15 

Tyr Met Met Asn He Gly Thr He Ala Gin Asn Asp Pro Thr Ala Asn 
20 25 30 

Phe Asp Gly Tyr Arg Val Asp Ala Val Asp Asn Val Asp Ala Asp Leu 
35 *^ . 45 

Leu Gin He Ala Gly Asp Tyr Phe Lys Ala Ala Tyr Gly Thr Gly Lys 
50 55 60 

Thr Glu Ala Asn Ala Asn Asn His He Ser He Leu Glu Asp Trp Asp 

■'O 75 80 

Asn Asn Asp Ser Ala Tyr He Lys Ala His Gly Asn Asn Gin Leu Thr 

85 90 95 

Met Asp Phe Pro Ala His Leu Ala Leu Lys Tyr Ala Leu Asn Mft Pro 

100 105 no 

Leu Ala Ala Gin Ser Gly Leu Glu Pro Leu He Asn Thr Ser Leu Val 
115 120 125 

Lys Arg Gly Lys Asp Ala Thr Glu Asn Glu Ala Gin Pro Asn Tyr Ala 
130 135 140 ^ 

Phe He Arg Ala His Asp Ser Glu Val Gin Thr Val He Ala Gin He 
"5 150 155 160 

He Lys Asp Lys He Asn Thr Lys Ser Asp Gly Leu Thr Val Thr Pro 
165 • 170 175 

Asp Glu He Lys Gin Ala Phe Asn He Tyr Asn Ala Asp Glu h^u Lys 
ISO 185 190 

Ala Asp Lys Glu Tyr Thr Ala' Tyr Asn He Pro Ala Ser Tyr Ala Val 
195 200 20'i 

Leu Leu Thr Asn Lys Asp Thr Val Pro Ala Ser Thr M^l. aIa The 



SUBSTITUTE SHEET (RULE 26) 



wo 03/008618 
210 



7/28 

215 



220 



PCT/NL02/00495 



SEQ ID No. 11 DNA 
SEQ ID No. 12 PRT 
Lactobacillus reuteri strain 180 



1 GAATTCGCTACCGAGATCTTAAAGGATAAAGACGTTGAAGTCGCTCCCGTTC 

1 NSIiPRS*RIKTLKSIiPLILQ 

6 1 GCATATCCAGCCAAAGCTTACCXSTCCTCGCCATTCAGTTAT^ 

21 HIQPKLTVLAIQL*V*RRQK 

12 1 GACACTX3GGTTTGAGATTATGGATTGGCGGACTGCATTC 

41 TLGLRIiWIGGIiH*VSXi*RGL 

181 GAGGAGTAAGATACTGGAACCGGTTTGGATTGGATACTGCTTTT^ 

61 RSKILEPVWIGYCFFMGGAI 

241 AAAGCrAGATCTAACTGGAAAAGACTGCGAACAAAATTGAAAT^ 

81 KIjDLTGKDCEQN*NLV*AAN 

301 TATCCTTAGTa^TGTAGTATAATTGa^AATTTTTTACT 

101 ILSQCSIIANFLIjGKKVYCG 

361 AAATATTTAAGAATATTGTOGTTACCGGTAGAGACAATTTTATAAGTTCTAAC^^ 

121 N I *EYCRYR*RQFYKF*LC S 

421 ACTATGTTGTTAACCCTTACTAGGAAGTTGAACATATTACGGTTTTAGATA^ 

141 IiCC*PIiI-GS* TYYGFR*VNI. 

481 ATACTGGCATTTAGTCAATTCTOATATCTTTGTTTAi^^ 

161 YWHIiVNSDIFV*NYKFELCL 

- 35 

541 GTU^GAAAATGTGGGAAGAATTTOAAAATTTCCT^ 

181 KKMWEEFENFL*KN*TS *YY 

*10 RBS start 

601 TAAmTCGATAATTAAATTGTTTATTCTGACA TGAAGGAGA TTAA AATGG AAATAAAGAA 

201 NIDN*IVYSDMKEIKMEIKK 

661 ACATTTT AAGTTGTATAAAAGTGGTAAACAATGGGTGACAGCGGC^^ 

221 HFKLYKSGKQWVTAAVATVA 

721 CGTTTCAACCGCGCTTCTTTACGGGGGAGTTGCGCATGCTGATCAACAAGTTCAGTCTTC 

241 VSTALIiYGGVAHADQQVQSS 

781 CACAACCaUVGAACAAACTTCTACTOTGi^^ 

261 TTQEQTSTVNADTTKTVNLD 

841 TACTAATACTGACCAACCAGCCCAAACAACTGATAAAAATCAAGTAGCAAATC 

281 TNTDQPAQT TDKNQVANDTT 

901 TACTAACCAAAGTAAAACTGATAGTACyVTCAACAACTGTTAAGAATCCTACTTTTATACC 

301 TNQSKTDSTSTTVKNPTFIP 

321 VSTIiSSSDNEKQSQNYNKPD 

1021 TAATGGAAACTATGGAAATGTTGATGCAGCTTACTTTAATAATAATCAATTGCATATTTC 

341 NGNYGNVDAAYFNNNQLHIS 

1081 AGGATGGCACGCAACAAATGCATCrCAAGGAACAGATAGTCXSTCAGGTGATTGT^ 

361 GWHATNASQGTDSRQVIVRD 
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1141 TATCACAACTAAAACraA2lTTAGGJi€X3TACTAATGTAACAAA 

381 ITTKTELGRTNVTNNVIiRPD 

1201 TGTTAA}u^TXn:CCACAATGTTTATAACGCTGATAATTCT^ 

401 VKNVHNVYNADNSGFDVNIN 

1261 CATTGACTTTAGTAAGATGAAGGACTATCGTGATTCAATTGAAAT^ 

421 IDFSKMKDYRDSIEIVSRYS 

1321 TGGAAATGGTAAATCTGTTGATTGGTGGTCTCAACCGATTACC^^ 

441 GNGKSVDWWSQPITFDKNNY 

1381 CGCATACCTTGACACATTTGAAGTTAAAAATGGGGAATTGCATC 

461 AYLDTFBVKNGBLHATGWNA 

1441 TACTAATAAGGCAATTAACTATAACCACCATTTTGTAATTT^ 

481 TNKAINYNHHFVILFDRTNG 

1501 TAAAGAAGTGACTCGTCAAGAAGTTCGTGATGGTCaU^TaSCGTCCAGATGTTC 

501 KEVTRQEVRDGQSRPDVAKV 

1561 ATATCCACAAGTAGTTGGGGCAAATAACTCTGGCTTTG ACGTGACATTTAATATTC 

521 YPQVVGANNSGFDVTFNIGD 

1621 TCTAGATTACACTCATCAATACCTUUVTTCTTAGTCGTTACAGCAATGCAGAT^ 

541 LDYTHQYQILSRYSNADNGE 

1681 AGGTGATTATGTTACTTACTGGTTTGCTCaVCAATCAATTGCTCCT^ 

561 GDYVTYWFAPQSXAPA NQSN 

1741 TCAGGGTTATTTAGATTCATTTGATATTAGTAAAAATGGTGAAGTGAC^ 

581 QGYLDSFDISKNGEVTVTGW 

1801 GAATGCTACTGATCTATCTGAATTACAAACTAACCATTATGTAATTTTATTTGACCAAAC 

601 NATDL S ELQTNHYV I L FDQT 

1861 CGCTGGTCAACAAGTTGCyVTCTGCAAAAGTTGATCTAATTTCCCGTCCAGATGTTGCGAA 

621 AGQQVASAKVDLISRPDVAK 

1921 AGCTTACCCAACAGTAAAAACTGCTGAAACTTCTGGCTTTAAGGTAACT^TTTAAG^ 

641 AYPTVKTAETSGFKVTFKVS 

1981 TAATTTACAACCAGGTO^TCAATATAGTGTCGTAAGCCGTTTTTCTGCCGATGAAAACGG 

661 NLQPGHQYSVVSRFSADENG 

2041 TAATGGTAATGATAAACGTCATACCGATTACTGGTACAGCCCTVGTAACCTTAAATCAAAC 

681 NGNDKRHTDYWYSPVTLNQT 

2101 TGCTTCAAATATTGATACTATCACa\ATGACATCGAATGGATTGC»TATTACT^ 

701 ASNIDTITMTSNGLHITGWM 

2161 GGCAAGTGATAATTCAATTAATGAAGCAACTCCATATGCC ATTATTCTTAATAATGGTAG 

721 ASDNSINEATPYAI ILNNGR 

2221 AGAGGTTACTCGTCAAAAATTAACTTTAATTGCGCGTCCAGATGTAGCAGCAGTATATCC 

741 EVTRQKIiTLIARPDVAAVYP 

2281 TTCACTCTATAACAGTGCTGTTAGTGGATTTGATACTACCATTAAGTTGACTAATGCTCA 

761 SliYNSAVSGFDTTIKLTNAQ 

2341 ATACCAGGCGCTTAATGGTCAACTACAAGTATTGTTACGTTTTTCTAAAGCTGT^ 

781 YQALNGQLQVLIiRFSKAVDG 
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2401 TAATCaUACGGCACTAATACTGTAACAGATCAATTTAGTAA^^ 

801- NPNGTNTVT D QPSKNYATTG 

2461 TGGAAACTTTGATTATGTCAAAGTAAACGGCi^ 

821 GNFDYVKVNGNQIEFSGWHA 

2521 AACTAATCAATOUVATGATAAAAATTCTCAATGGATTATTC 

841 TNQSNDKNSQWIIVLVNGKE 

2581 GGTAAAACGGOVATTAGTTAATGATACTAAGGATGGTGCroC^^ 

861 VKRQIiVNDTKDGAAGFNRND 

2641 TGTTTACAAAGTAAATCCX»CrATTGAAAATAGTATTAr^^ 

881 VYKVNPAIENSIMSGFQGII 

2701 TACTTTACCroTAAC»GTTAAGGAT6AAAATGTTCAGCriTC 

901 TLPVTVKDENVQLVHRPSND 

2761 TGCaVAAGACTGGTGAAGGTAATTATGTTGATTTCTOGTCAGAAGTAATC 

921 AKTGEGNYVDFWSEVMSVKD 

2821 a\GCTTCaUUU^GGGTAATGGTCCGCTTAATCAATT^ 

941 SFQKGNGPLNQFGLQTINGQ 

2881 ACAATATTATATTGACCCAACAACTGGCCaUVCCTCGTAAG^^ 

961 QYYIDPTTGQPRKNFLLQNG 

2941 GAACGATTOGATTTACTTTGAOUUVGATAC^ 

981 NDWIYFDKDTGAGTNAI.KI-Q 

3001 ATTTGATAAGGGAACAATTTCTGCTOATGAGCAATATTOTCGAGGAAATGAAGCCTAT^ 

1001 FDKGTISADEQYRRGNEAYS 

3061 TTATGATGACAAGAGTATTGAAAATGTAAATGGTTACTTAACAGCTGATACTTGGTACCG 

1021 YDDKSIENVNGYLTADTWYR 

3121 ACCAAAACAAATCTTAAAGGATCGTACTACTTGGACTGACTCTAAAGA^ 

1041 PKQIIjKDGTTWTDSKETDMR 

3181 CCC»ATTTTAATGGTATGGTGGCCAAATACTGTTACACAAGCATATTATCTTAACTACAT 

1061 PILMVWWPNTVTQAYYLNYM 

3241 GAAGCAATAT^TAATTTATTGCCGGCTAGTTTACCy^AGCTTC/^ 

1081 KQYGNLLPASLPSFSTDADS 

3301 TGCTGAATTAAATCATTACTCCGAGCTTGTTCAACAAAATATCGAA^ 

1101 AELNHYSEIiVQQNIEKRISE 

3361 GACTGGTAGTACTGATTGGTTACGTACACTAATGCATGAGTT'CGTTACTAAGAATTCTAT 

1121 TGSTDWLRTIiMHEFVTKNSM 

3421 GTGGAATAAGGATAGTGAAAATGTCXSATTAaSGTGGTTTGCAATTACAAGGTGGATO 

1141 WNKDSENVDYGGLQLQGGFIi 

3481 TAAGTATGTAAATAGTGATCTTACTAAATATGCAAATTCAGATTGGCGTTTAATGAACCG 

1161 KYVNSDLTKYANSDWRIiMNR 

3541 TAC^GCTACTAATATTGATGGTAAGAACTATGGTGGTGCGGAATTCTTATT 

1181 TATNIDGKNYGGAEFLLAND 

3601 TATTGATAACTCAAATCCAGTTGTTCAAGCTGAAGAATTAAACTGGCTTTACTATTTAAT 
1201 IDNSNPVVQAEELNWI-YYIjM 
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3661 GAATTTCGGTACAATTACAGGAAATAATCCTGAAGCTAATTTO 

1221 NFGTITGNNPEANFDGIRVD 
3721 TGCTGTrrGATAATGTAGATGTTGACTTATTGAGTA 

1241 AVDNVDVDLLS lARDYFNAA 

3 7 B 1 ATATAACATGGAGCAAAGTGATGCCAGTGCTAATAAGCACATTAATATTTTGGAA^ 
1261 YNMEQSDASANKHINILEDW 

3 841 GGGATGGGATGATCCTXXrTTATGTAAATAAGATTGGAAATCCTCa^ 

1281 GWDDPAYVNKIGNPQLTMDD 

3 901 TCGTTTACGAAATGCAATTATGGATACATTATCAGGAGCTICCTG 

1301 RLRNAIMDTLSGAPDKNQAL 

3 961 GAATAAATTAATTACrCAGTCATTAGTAAATCXSTGCTAATGATAATACK^^ 

1321 NKLITQSLVNRANDNTENAV 

4021 TATTCCAAGCTATAATTTTGTTCGAGCACATGATAGTAATGCTCAAGACCAAATTCGTCA 
1341 IPSYNFVRAHDSNAQDQIRQ 

4081 GGCTATTCAAGCTGCAACTGGAAAACCATATGGCGAATTTAACTTAGATGATGAAAAGAA 
1361 AI QAATGKPYGEFNIiDDEKK 

4141 GGGTATGGAAGCATATATTAATGATCAGAATTCTACTAATAAGAAGTGGAATCTTTACAA 
1381 GMEAYINDQNSTNKKWNLYN 

4201 TATGCCTTCTGCTTATACTATTCTTCTAAOUUITAAAGATTCAGTTCCT 

1401 MPSAYTILLTNKDSVPRVYY 

4261 TGGAGACCTCTACCyVAGATGGTGGTCAATATATGGAACATAAAACACGTTACTTTQATAC 
1421 GDLYQDGGQYMEHKTRYFDT 

4321 TATTACTAACTTATTAAAGACACGGGTTAAATATGTTGCCGGTGGACAAACTATGAGTGT 
1441 ITNLLKTRVKYVAGGQTMSV 

4381 TGATAAGAATGGTATTCTTACAAACGTTCGTTTTGGGAAAGGCGCCATGAATGCTACTGA 
1461 DKNGILTNVRFGKGAMNATD 

4441 TACTGGTACTGATGAAACAAGAACAG7UVGGTATCGGTGTTGTAATTAGTAACAATACTAA 
1481 TGTDETRTEGIGVVISNNTN 

4 501 TTTGAAGCTTAATGATGGTGAATCAGTAGTGCTTCATATGGGAGCTGCTCATAAGAATCA 
1501 LKLNDGESVVLHMGAAHKNQ 

4561 AAAGTATCGTGCTGTGATCTTAAC7VACTGAAGATGGTGTTAAGAATTACACTAATGATAC 
1521 KYRAVIIiTTEDGVKNYTNDT 

4621 AGACGC ACCAGTTGC ATACACTGATGCTAATGGTGACCTTCACTTTACTAATACTAATTT 
1541 DAPVAY TDANGDLHFTNTNIi 

4681 AGATGGTCAACAATATACAGCTGTTCGTGGATATGCAAATCCTGATGTAACAGGATATCT 
1561 DGQQYTAVRGYANPDVTGYL 

4741 AGCTGTTTGGGTACCAGCTGGAGCAGCAGATGATCAAGATGCACGTACTGCACCAAGTGA 
1581 AVWVPAGAADDQDARTAPSD 

4801 TGAGGCCCATACTACaUUVGACTGCTTATCGCTCTAATGCAGCCCTTGATTCTAACXS^ 
1601 EAHTTKTAYRSNAALDSNVI 

4861 TTATGAAGGATTCTCTAACTTCATTTACTGGCCAACTACTGAAAGCGAACGGACTAATGT 
1621 YEGFSNFIYWPTTESERTNV 
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4921 GAGAATTGCACAAAATGOSGATCTATTTAAGTCATG^ 

1641 RIAQMADIiFKSWGITTFEIiA 
4981 TCCACaOlTACAATTCAAGTAAAGATGGTACGTTCCnXS^ 

1661 PQYNSSKDG TFLDSI IDNGY 
5041 TGCCriTACTGATCXSTTATGATTTAGGAATGAGTACTC 

1681 AFTDRYDLGMSTPNKYGSDE 

5101 AGACTTACGTAATGCTTTACAAGCCTTACATAAAGCTGGTTTACA^ 

1701 DLRNAI-QAI.HKAGLQAIADW 

5161 GGTTCCTX3ATCAAATTTATAACTTACCTGGTAAAGAAGC 

1721 VPDQIYNLPGKEAVTVTRSD 

5221 TGATCACGGTACTACATGGGAAGTTTCGCCAATAAAGAATGTO 

1741 DHGTTWEVSPIKNVVYITNT 

5281 GATTGGTGGAGGTGAATACCAGAAGAAATATGGTGGTGAATTCTTAGAC^ 

1761 IGGGEYQKKYGGEFLDTLQK 

5341 AGAATATCCACAATTATTTAGTCAGGTATATCCAGTAACTa^AAC^ 

1781 EYPQLFSQVYPVTQTTIDPS 

5401 TGTTAAGATTAAAGAGTGGTCnXrrAAATACTTTAATGGTACr^ 

1801 VKIKEWSAKYFNGTNIIiHRG 

5461 TGCTGGATATGTATTGCGCTCTAATGATQGTAAATACTATAATCTTGGTACAAGCA 
1821 A GYVLRSNDGKYYNLGTSTQ 

5521 AC^ATTCTTACCGTCTCaUVTTATCAGTTCTUWSATAATGAAGGATAT^ 

1841 QPLPSQLSVQDNEGYGFVKE 

5581 AGGAAATAATTACCATTACTATGATGAGAATAAACAGATGGTAAAAGATGCGTTTATTCA 
1861 GNNYHYYDENKQMVKDAFIQ 

5641 AG ATAGTGTTGGTAATTGGTATTACTTCGATAAAAATGGTAATATGGTTGCTAACCAAAG 
1881 DS VGNWYYFDKNGMMVANQS 

5701 TCCTGTTGAAATTAGTAGTAATGGAGCTTOVGGAACTTACCTTTTCTTGAACAATGGGAC 
1901 pVEISSNGASGTYLPLNNGT 

5761 ATC ATTCCGTTCTGGATTGGTGAAAACTGATGCAGGTACGTACTATTATGATGGC^^ 
1921 SFRSGLV KTDAGTYYYDGDG 

5821 cayUVTGGTTCGTAATCAAATCGTAAGTGATGGTGCGATGACATATC 

1941 RMVRNQTVSDGAMTYVLDEN 

5881 TGGTAAACTTGTTAGTGAATCATTTGATTCATCTGCTACTGAAGCACACCCATTAAAACC 
1961 GKLVSESFD SSATEAHPLKP 

5941 TGGTGATTTAAACGGCCAAAAATAATTACAATATGAAAATTGGAACTTGT^ 
1981 GD LNGQ K*LQYENWNI-YFTF 

Inverted repeat 

6001 CTTTGAAATAATATAGTTCTAAT TAAGCAGCTCG CACCAAGACTTGGTA TGAGCTGCT^ 
2001 PEII*F*LSSSHQDI.V*AAF 

6061 TTTTGGCTCTACAATATCTCGTGTTGATATAGAAATATCACTTTCTATACCAATAl^^ 
2021 FGSTISGVDIEISLSIPISD 

6121 TTTTTCTTTTTAAACTAAAAAAGAGGCTaSCCCTCTGATAC^ 

2041 FCF*TKKBARPLIQ*NRQIT 
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6181 ATAGTAAAGUU^GGTAACCTCCATGGATAATGATACAAGAACrcnrrcr 

2061 **RR*PPWIMIQELFSI*QT 

6241 CCTCATirrAAATTTTCCrC^ 

2081 LI *IFLIIGI«NIKQLKKFGW 

6301 GCACAAATATNCTGTACCCTTTCTTATACACCAa3GGMCI^ 

2101 HKYXVPFLIHHGXCPNWGSH 

6361 TTAATCGNGGTCAAATCITAAAATATGGGCTTTTATCAAGCTAAA 

2121 *SXSNLKlWAFIKIiNTIW TI 

6421 TTAAAACTCAACCATTAATGNTG 

2141 * N S T I N X 

SBQ ID No. 13 DNA 
SEQ ID No. 14 PRT 
Lactobacillus renter i strain MLl 

1 ATCGATAATCAAATTGTTTATTTTGATATAAAGGAGATT 

1 IDNQIVYFDIKEIKMEIKKH 

RBS Start 

6 1 TTTAAGTTGTATAAAAGTGGTAAACAATGGGTGACAGCGGCTGTTGCTACTC 

21 FKLYKSGKQWVTAAVATVAV 

12 1 TCAACCGCGCTTCTTTACGGGGGAGTTGCAOVTGCTGATCyU^CAAGTTCAGTCTrCC^ 

41 STALLYGGVAHADQQVQSST 

181 ACTCAAGACCAAACTTCTACTGTAAATACTAATACTACTAAAACAATAGCTGCAGA 

61 TQDQTSTVNTNTTKTIAADT 

241 AATGCTGATCT^GCCAGCTCAAACAGCTGATAAAAATCAAGCAGCATC^^ 

81 NADQPAQTADKNQAASNDTT 

3 01 AACCAAAGTAAAACTGATAGTACTTCAACAACTGTTAAGAATCTTACTTCTACACCAGTT 

101 NQSKTDSTSTTVKNLTSTPV 

361 TCTACTTTGCCATCAACTGATAATGAAAAACAAAATCAAAATTATAATAAGCATGATAAT 

121 STLPSTDNEKQNQNYNKHDN 

421 GGAAACTATGGGAATATTGATACTGCTTACTTTAGCAATAATCAATTGCATGTTTCAGGA 

141 GNYGNIDTAYFSNNQLHVSG 

481 TGGAATGCAACGAATGCATCTCAAGGAACAAACAGTCGGCAAATTATTGTGCGTGATATC 

161 WNATNA SQGTNSRQI IVRDI 

541 ACAACCAATAATGAATTAGGTCGTACTGATGTAACAAACAATGTTGCGCGCCCAGACGn 

181 TTNNELGRTDVTNNVARPDV 

601 AAGAATGTTCATAATGTTTATAACGCTGATAATTCTGGATTTGATATTAATGTCAATATT 

201 KNVHNVYNADNSGFD INVNI 

661 GAATTTAGO^GATGAAAGATTATCGGGATTCAATTGAAATTGTTAGTCGATACAGTC 

221 EFSKMKDYRDSIEIVSRYSG 

721 AACGGTAAATCTATTGACTGGTGGTCCCAACCGATCACTTTTGACAAAAACAATTATGCT 

241 NGKSIDWWSQPITFDKNNYA 

781 TATCTTGATACATTTGAAGTGAAAAATGGCGAATTACATGCAACCGGATGGAATGCTACT 

261 YLDTFEVKNGELHATGWNAT 

841 AATAGTGCyU^TTAACTATAATCACCATTTTGTAATTTTATTTGATCAAACGAATC 

281 NSAINYNHHFVILFDQTNGK 
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901 GAACTAGCaVCGACAAG AAGTTCXSTGAAGGCCAATCACGCCCAG^^ 

301 EVARQEVREGQSRPDVAKVY 

961 CCACJAGTf^TTGGrGtTT^ 

321 PQVVGADNSGFDVTFNIGNI* 

1021 GATTATACTCACCAGTACCAAGTTCITAGTCGTTACAGCAATT^ 

341 DYTHQYQVIiSRYSNSDNGEG 

1081 GATAATGTTACCTACTGGTTTAATCCACAATCaiTTGCTC^^ 

361 DNVTYWFNPQS lAPANQSNQ 

1141 GGTTATCTAGACrCATTTGATATTAGTAAAAATGGTGAAGTAACAGTGACCGG 

381 GYIiDSFDISKNGEVTVTGWN 

1201 GCTACTGACITCTCAGAATTACAAAATAACCATTATGTAAW 

401 ATDLSEbQNNHYVILFDQTA 

1261 GGC^AACAAGTAGCATCTGCCAAGGCTGATTTAATTTCACGTCC^^ 

421 GKQVASAKADIilSRPDVAKA 

1321 TATCCAACAGTAAAAACTGCTGCAAATTCrGGCTTTAAGGTAAC^ 

441 YPTVKTAANSGFKVTFKVND 

1381 TTACAACCGGGTaiCaVATATAGCGTTGTAAGTCGTTTCrrcro 

461 liQPGHQYSVVS RFSADENGN 

1441 GGTAATGATAAGCGTCyVTACAGATTACIHSGTTTAGTCCAGTAACATTAAACa^GA^ 

481 GNDKRHTDYWFSPVT LNQNA 

1501 TCAAACATTGATACTATTACAATG ACATCTAATGGGTTACATATTGGC».GTTG^ 

501 SNIDTITMTSNGLHIGSWMA 

1561 AGTGATAACTCAATTAATGAAACAACTCCATATGCTATTATTCTCAATAAOSGTA^ 

521 SDNSINETTPYAIIIiNNGKE 

1621 GTTACrCGTCAAAAGATGAGTTTAACTGCCCGTCaVGATGTAGCAGCAGTATATCCTT 

541 VT. RQKMSLTARPDVAAVYPS 

1681 CTTTATAATAGTGCTGTTAGTGGGTTTGATACTACTAirrAAATT^ 

561 LYNSAVSGFDTTIKIiTNDQY 

1741 CAAGCGCTTAATGGTCAATTACAAGTATTGTrrACGTTTTTCr^^ 

581 QALNGQIjQVLIiRPSKAADGN 

1801 CCTVAGTGGTGATAAT ACTGTAACTG ATC AATTTAGTAAAAATTATGCAACTACTGGT^ 

601 PSGDNTVTDQFSKNYATTGG 

1861 AACTTTGATTATGTAAAAGTAAATGGTAATCAAGTTGAATTTAGTGGTTGGC^ 

621 NFDYVKVNGNQVEFSGWHAT 

1921 AACCAATCAAATGATAAAGATTCACAATGGATTATTGTTTTAGTT 

641 NQSNDKDSQWIIVLVNGKEV 

1981 AAGCGTCy^ATTAGTTAATGATACTAAAGAGGGGGCTGCTGGCCT 

661 KRQLVMDTKEGAAGFNRNDV 

2041 TACAAAGTAAATCCAGCTATTGAAAACAGTTCTATGTCTGGATTCCAAGGCATTATTACT 

681 YKVNPAIENSSMSGFQGIIT 

2101 TTACCAGTAACAGTTAAGAATGAGAATGTTCAGATTGTCGATOSTTTTAGTAATGATG^ 

701 LPVTVKNEN.VQIVHRFSNDA 
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216.1 AAGACAGGTGAAGGTAGCCATGTTGATTTCTGGTCAGAAGTAA.^ 

721 KT^GEGSHVDFWSEVMPVKDS 

2221 TTCCAAAAGGGTAATGGTCaSCn^AAGCyUlTTTGGCra 

741 FQKGNGPLKQFGLQTIKGHQ 

2281 TATTATATTGACCCAATGACTGGCCyuiCXrrCGaUVGAACl^ 

761 YY IDPMTGQPRKNFIiLQNGN 

2341 GACIXMCTTTATTTTGATAATGAAACTCGTGAGGGAACT 

781 DWIjYFDNETGEGTNALKRQF 

2401 GACGGAGGAACG ATTTCTGCTGATAGTCAGTATAGAAAGGGTAATGAAGCTT'ATGG^ 

801 DGGTISADSQYRKGNEAYGY 

2461 GACAATAAGAGCATTGAAAATGTTGATGGCTTTTTAACAGC 

821 DNKSIENVDGFLTADTWYRP 

2521 AAACAAATTTTAAAATGGACCACCTGGACAGATTCTAAAGAAACAGATATGCGACCGCTC 

841 KQILKWTTWTDSKETDMRPL 

2581 TTAATGGTTTGGTGGCCAAATACTGTAACCCAAGOVTATTACCTT 

861 liMVWWPNTVTQAYYLNYMKQ 

2641 CATGGAAACTTATTACCAGCTAATCTTCa^TTCTTTAATTCTGATGCAGATCC»OT 

881 HGNLLPANLPFFNSDADPLE 

2701 TTAAATTATTATGCAGAAATTGTTCAGCAAAATATTGAAAAGAAGATTAGTCTU^ 

901 L N YYAE I VQQN I E KK I S QTG 

2761 AATACTGACTGGTTGCGAACTTTGATGaVCGAATTTGTATCTAATAATACaU^ 

921 NTDWLRTLMHEFVSNNTMWN 

2821 AAGAATAGTGAAAATGAAGACTTTGGTGGGTTGCAATTACAAGGTGGTTTTCTAAAGTAC 
941 KNSENEDFGGLQLQGGFIiKY 

2881 GTTAATAGTGATAAGACACCTAATGCTAATTCTAATTGGCGTATTATGGGTAGGCl^ 
961 VNSDKTPNANSNWRIMGRQP 

2941 GCTAATATTGACGGAAATGGGCCAATTGGATCAGAATTCTTATTAGCTAATGACGTTGAT 
981 AN IDGNGPIGSEFLLANDVD 

3001 AATTCTAATCCAGTTGTTC AAGCTGAACAGTTAAATTGGCTACATTACTTATTGAATTTT 
1001 NSNPVVQAEQLNWIiHYLLNF 

3061 GGAACTATTACTGCAAATGATCCTGATGCTAATTTTGATAGCATTCGTGTTOATC 
1021 GTITANDPDANFDSIRVDAV 

3121 GACAATGTAGATGCCGATTTATTAGATATAGCTGGTGATTACTTTAATGCAGTATATCAT 
1041 DNVDADLLDIAGDYFNAVYH 

3181 TCTCAAAGTAATGATAAAATTGCTAATGCTCATATTAATATTCTTGAGGAT^ 

1061 SQSNDKXANAHINIIiEDWGG 

3241 CAAGATCCGTATTATACGCAAAGCATCGGAACTCCTCAATTATCGATGGATTATAATTTC 
1081 QDPYYTQSIGTPQLSMDYNF 

3301 TCAACTATAAGAAGTGTGTTAGCATCTAACACTGCATCAATGACTGATATTATTAAGAAT 
1101 STIRSVLASNTASMTDI IKN 

3361 TCATTGGTAAATCGGAGCTTAGATAATGCTGAAAACGTATCAATTCCTAATTACTCATTT 
1121 SliVNRSLDNAENVS I PNYSF 
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3421 ATCCGTGCACATGATAATGGirrCAClVAGATGAT^ 

1141 IRAHDNGSQDDIKRAISDVN 

3481 AATTTACCATATGGTTCX3AAGTTTAACTTTGA^ 

1161 MLPYGSKFNF EQEQKGIEAY 

3541 ATTGCAGATCAAAGTAATGTTAATAAGAAGTGGAATAATTATAATATTC 

1181 lADQSNVNKKWNNYNIPSSY 

3601 GCTATTATGTTGACTAATAAGGATACXXSTTCCTCGTGTATATO 

1201 aimltnkdtvprvy ygdi.pt 

3661 GATGGTGGTCAGTATATGGCACAAACAACGCXyrTATTATCCTGCAC^ 

1221 DGGQYMAQTTRYYPALTS LL 

3721 AAGGCACX3TATTAAGTATGTAGCnXK?IGGACAAACAATGTCTGTTO 

1241 KARIKYVAGGQTMSVDKNNI 

3781 TTGACTAGTGTTCGCTTTGGTAAAGGTGCGATGAATCCTACTOATATGGGT^ 

1261 LTSVRFGKGAMNPTDMGDSIi 

3841 ACTAGAAOVTCTGGTGTTGGGGTAGTTATAAGTAATAATGATAAATTATTATTAAGCTCA 
1281 TRTSGVGVVISNNDKIiLIiSS 

3901 AATGATAAAGTTGTATTACACATGGGTGCraCACATAAGAATC AG AAATT^ 

1301 NDKVVIiHMGAAHKNQKFKAV 

3961 TTACTAACTACTAATGATGGTATTCAGAGTTTTAATGATGACAATGCGCCTGTrG^ 
1321 liliTTNDGIQSFNDDNAPVAY 

4021 ACTG ATGCrrAATGGTGACTTGGTCCTTTCTGGTAAAGATATTACGACTXS^^ 

1341 TDANGDIiVLSGKDITTDGVI 

4081 CAACATAATACTGCTGTTAAGGGCTATGCTAATGCTGATGTTAAAGGTTATCTTGC^ 
1361 QHNTAVKGYANADVKGYLAV 

4141 TGGGTTCCAGTAGGTGCCAGTGTACAACAGGATATTAGAACAGCACCATCaMSGGGTAC^ 
1381 WVPVGASVQQDIRTAPSGVQ 

4201 AGTGATGGAAAGTCTGTTTATCyVTTCykAATGCAGCrC 

1401 SDGKSVYHSNAALDSNIIFE 

4261 GGATTCTCTAACTTTGTATATTGGCCGACAAATAATTCTGAGCGTGCAAATGTAAAA^ 
1421 GFSNFV YWPTNNSERANVKI 

4321 GCTCAGAATACTGACTTATn:AAGGAGTTGGGTATTACTTCATTTGAATTAGCT^ 
1441 AQNTDIiFKELGITSFELAPQ 

4381 TATAATTCAAGTAAGGATGGCACATTCCTTGATTCTCAGATTGATAATGGATATGCATTT 
1461 YNSSKDGTFLDSQIDNGYAF 

4441 ACTGATCX5CTATGATCTAGGTATGAGCATTCCAAATAAGTATGGTAGCGATACTGATCTA 
1481 TDRYDLGMSIPNKYGSDTDL 

4501 AGGAATGCTATTAAAGCCITACaVTAAGGCCXMAATTCUU^GCAATGGCl^ 

1501 RNAIKALHKAGIQAMADWVP 

4561 GATCAAATTTATAATTTACCAGGTAAAGAAGTTGTTACTGCTACTCGTGTTGACGAACGT 
1521 DQIYNLPGKBVVTATRVDBR 

4621 GGAAATGATTGGAATGTAGCTCAGATTAAGGATTCACTTTATGTTGCTAATACAATTGGT 
1541 GNDWNVAQIKDSLYVANTIG 
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4681 GGTGGAAAGTATaU^GAGCyU3LTATGGTGGAGCTTTX:CT^ 

1561 GGKYQEQYGGAFLDQLQKQY 

4741 CCACAAATCriTQAACGTAAACAACCTTCAACTGGTGTAG 

1581 PQIFERKQPSTGVAIDPSTK 

4801 ATTAAACAGTGGTCTGCTAAATACTTTAATGGGACAAATATTTTAC^ 

1601 IKQWSAKYFNGTNI LHRGAG 

4861 T ATGTATTAAGAG ATAACGGTGGTAACTACTTTAGCCTTGG 

1621 YVLRDN GGNYFSLGNSNNKQ 

4921 TTATTACCAAATCAATTATCAGGTAAGGCTGAAAATGGC^^ 

1641 LLPNQLSGKAENGFVDVNGN 

4981 ACTAAATACTTTACTVTCAACCGGAATTCCTGTCACGGATGCATT^^ 

1661 TKYFTSTGXPVTDAFVQDSV 

5041 GGTAACTGGTACTATATTGATAAAAATGGTAATATGCTTAAAAATACCGGTTTTC 

1681 6NWYYIDKNGNMLKNTGFVD 

5101 ATTACGCGAAATGGTCAGACAGGTACGTATCTATTCTTAAATAACGGTATCTCATTCCGA 

1701 ITRNGQTGTYLPLNNGISFR 

5161 TCAGGATTAGTTAAAATTGGTAATG ATACTTATTACTTTG ACGGTAATGGAAAAATGGl^ 

1721 SGIjVKIGNDTYYFDGNGKMV 

5221 CGTGGCCAATCTATTAGTGATGGTACGATGAATTATACTCT^ 

1741 RGQSISDGTMNYTLDKDGKL 

5281 GTTGGCTTGTATTATGATCCAAGTAGTCAG AATCCAC ATCCAATTACTCAACAGGATTTA 

1761 VGLYYDPSSQNPHPITQQDL 

5341 AGTGGTACTAATAAGTAGTTTATTAAAAATCACCyUlTAGAAGTTGTCTCTACATCAAATG 

1781 SGTNK*PIKNHQ*KLSLHQM 

5401 GTGTTGATATGAAAATATAATACTTTATACCATTAAATTGGTCTAGTAAGAATCATCCTC 

1801 VLI *KYNTLYH*IGIjVRIIL 

5461 ACGGATGGTTCTTTTTAGTTTCGCCGTTTGTAAAATTAAGTTAGAAAAAATAAAAAGCCA 

1821 TDGSF*FRRL*N*VRKNKKP 

5521 TTTGTG ATAGACTTTTGAGTATCCCTAATOVAAAGAAAGGCAATCACAAATGATC 

1841 FVIDF* VSLI KRKAITNDL* 

5581 ACATCTTACCACACGCGAATTAACTCTCATAGCTGATTTTTGGTATCAAGGCACTAAAGC 

1861 TSYHTRINSHS*FIiVSRH*S 

5641 TTATCGGGCTGCTAAATTACTTOU^CGTAGTCAAGAAACCATCTATCGTGTTTATCGTTT 

1881 LSGC*ITST*SRNHLSCLSF 

5701 CCTCAATAACGGTAAAACCATCGACCAATATCTTCAGACTTATCAGCGACATAAACGTCG 

1901 PQ*R*NHRPISSDLSAT*TS 

5761 TTGTGGTCGGAAGCAGACCCAACTGCCAACTATCGAGGTTAACTATATCCATGCGCAAAT 

1921 LWSEAD PTANYRG*LYPCAN 

5821 CAAGGCTGGTIKKSACTCCTGATACTATTATTGGTCGTGATGAGCACCCGATTAGCTGC^^ 

1941 QGWLDS*YYYWS* *APD*LQ 

5881 ATACTAATGCTGATCAGCCAGCTCAAACAGCTGATA7!^AAATCAAGCAGCATCAAATGACA 

1961 ILMLISQLKQLIKIKQHQMT 
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5941 CTACTAACCAAAGTAAAACTGATAGTACnrK»ACAA^CnX»3TAAGAATCCT 

1981 LI._T KVKI. IVLQQLVR I LLLH 

6001 CAGTTTTCTACTTTGGCATCAACTGATAATGGAAAAC^^ 

2001 QPSTLASTDNGKQNQNYNKH 

6061 GATAT 

2021 D 



SEQ ID No. 15 DNA 
SEQ ID No. 16 PRT 

Lactobacillus reuteri strain NLl (MIi4) 

1 AATATTGAT<»TTACTTAAGTTATACTGG™K3TATC 

1 NIDGYLSYTGWYRPYGTSQD 

6 1 GGTAAAACaVTGGTACGAAAC^CTGCAATGGATTGGCGTCCATO 

21 GKTWYETTAMDWRPI-IiMYIW 

121 ca^GCAAAGATGTTCAAGCACAATTTATTAAGTATTTTGT^ 

41 PSKDVQAQFIKYFVNNGYEN 

181 GCTAATTATGGACTTACAGAGTCCTCTGTTGCTTCCTTTAGC;^ 

61 ANYGLTESSVASFSKDTNAN 

241 CTCCTCGATGTAACIXSCACAAAATCTTCGTTATGTAATTGAGCAAAGTAT^ 

81 LI.DVTAQNLRYVIEQSIAAN 

301 AAAGGGACAAGTAAGTTAGCAMVTGATATTAATAGTTTTGCroC^ 

101 KGTS KLANDINSFAATVPEL 

361 TCTGC7^TCATCTGAATTATCATTGCAAAGCATGCC7U\ACTATCGACCAGATGAAAGTGGA 

121 SASSELSLQSMPNYRPDESG 

421 ACTGTTGATAGTGATCAAGTCATTTTTGTTAATAATAATTCAAAGGATCCCCGTAAAGGG 

141 TVDSDQVIFVNNNSKDPRKG 

481 AACACTGGTTATGCGGACAGCAACTATCGCTTAATGAACAGGACGATTAATAATCAGGCC 

161 NTGYADSNYRLMNRTINNQA 

541 GGAAATAATAATAGTGATAACAGTCCAGAACTCCTTGTTGGTAATGATATTGATAATTCA 

181 GNNNSDNS PBLLVGNDIDNS 

601 AACCCAGTAGTACAAGCTGAAAATCTTAATTGGGAATACTTTTTACTAAACT 

201 NPVVQAENLNWEYFI-LNYGK 

661 TTAATGGGGTATAATCCAGACGGTAATTTTGATGGCTTCCGAGTTGATGCTGCTGAT 

221 LMGYNPDGNFDGFRVDAADN 

721 ATTGATGCy^GATGTCTTAGATCAAATGGGTCAATTAATGAACGAC^ 

241 IDADVLDQMGQLMNDMYHTK 

781 GGAAATCCTCAAAATGCAAATGATCATTTGAGTTATAATGAAGGTTATCATTCIGGG^ 

261 GNPQNANDHLSYNEGYHSGA 

841 GCACAAATGCTAAATGAAAAGGGTAATCCTCAATTGTACATGGATTCAGGCGAATTCTAT 

281 AQMLNEKGNPQLYMDSGEFY 

901 ACCCTTGAGAATGTTCTCGGACGTGCaAATAACCXSTGATAGTATCGGT 

301 TLENVIiGRANNRDS IGNIiIT 
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96 1 AATAGTGTTGTTAATCGGCAAAATGATACyuVCAGAGAATGAAGCT 

321 NSVVNRQNDTTENBATPNWS 
1021 TTTGTiU^CrAACCATGATC»ACGAAAGAATTTGAT^ 

341 FVTNHDQRKN LINRLIIKGH 
1081 CCTAACATTCCGGATATTATGGGTTOVGCnTAaUUVGC^^ 

361 PNIPDXMGSAYKAE. YANQAW 

1141 OUVGAATTCTACXSCTGATCAGAAAAAGACTAATAAACaUVTATGATC^^ 

381 QEFYADQKKTNKQYDQYNVP 

1201 GCTCAGTATGCAATTCTTTTGAGCAATAAAGATACGGTTCCGC^ 

401 AQYAIIiLSNKDTVPQVYYGD 

1261 CTTTATAATGAAACTGCTCTVATACATGCAAGAGAAGTC^ 

421 LYNETAQYMQEKSIYYDTIT 

1321 ACTCTTATGAAGGCCCGTAAACAATTTGTTAGTGGTGGTCAAACX5ATGACTA 

441 TLMKARKQFVSGGQTMTKLN 

1381 AATAATTTATTAGCTAGTGTTCXSATATGGTAAGGGTGTTGCrGATTCTAATAGC^ 
461 NNLLASVRYGKGVADSNSNG 

1441 ACCGATAAGCTTAGCCGAACAAGTGGGATAGCCGTCTTAGTTGGTAATGATAGTAATATG 
481 TDKLSRTSGIAVLVGNDSNM 

1501 GCTCAAC^AACTGTTGCTATTAATATGGGTCGCGCTCATGCTAACCAAC^^ 

501 AQQTVAINMGRAHANQQYRN 

1561 TTAATTGATACTACCGAAAATGGCTTGACATATOATGGAGAAAATAGTGAAAATC 
521 LIDTTENGLTYDGENSENPA 

1621 ATTTTGACAACTG ATAGTAATGGTATCTTAAAAGTAACAGTTAAAGGATACAGTAACCCA 
541 ILTTDSNGIIjKVTVKGYSNP 

1681 T ACGTAAGTGGTTATCTTGGTGTTTGGGTTCCAGTAATTTCTGGTGATC^^ 

561 YVSGYLGVWVPVISGDQDVT 

1741 AC AAGTGCAAGTGATGTTGTTGCTGATAAAGAAAAQACTTTTGAATCTAATGCTGCTCTT 
581 TSASDVVADKEKTFESNAAL 

1801 GATTCTCATATGATCTATGAAGATTTCAGCTTGTTCOUlCCa^GAACCAACTAATG 
601 DSHMIYEDFSLFQPEPTNVE 

1861 AATC ATGCTTACAATGTGATTGCTAAAAATGCTAATCTCTTTAATGAT^ 

621 NHAYNVIAKNANIiFNDLGIT 

1921 GATTTTTGGATGGCTCCTGCTTACACTCCATTTGGAATGAGTCGTTATAATGAAGGATAC 
641 DFWMAPAYTPFGMSRYNEGY 

1981 TC AATGACGGATCGTTACy\ATTTAGGTACGACAGCTAATCCAAaUU^GTATGGTAGT^ 
661 SMTDRYNLGTTANPTKYGSG 

2041 GAAGAGCTTGCAAATACAATTGCTGCATTGCATAAAGTAGGATTAAAAGTTCAAGAAGAT 
681 EELANT lAALHKVGLKVQED 

2101 ATTGTTATGAATCAG ATGATTGGTTTCTCTGGTCAAGAAGCTIGTAACGGTTACTCGAAC^ 
701 IVMNQMIGFSGQEAVTVTRT 

2161 AATAATCGTGGAATGCAGATTCATGTAAATGGTOUU^CATATGCAAATCaVAATT^ 
721 NNRGMQIHVNGQTYANQXYF 
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2221 GCATATACAACTGGTGGCGGAAATGGTCAAGAAACTTAT^ 

741 AYTTGGGNGQBTYGGKYIjAB 

2281 TTACAAAAGAACTATCCTGACCTATTTACGACCAAGGCAATT^ 

761 LQ KNY PDLF TTKAI S TEVVP 

2341 GATCCAACCGTTCGTATTAAT 

781 D P T V R I N 

SEQ ID No. 17 DNA 
liactobacillus strain I«B33 

1 ATGGAATTAA AAAGGCATTA CAAGATGTAC AAGGCTGGTA AAAAATGGGT TTTTGCTGCA 

61 ATTGCCACAA TCTCTATAAT TGCAGGATTA AATACAGTGG CAGTGACAAC CTATGCTGCC 

121 GGCAATAATG ATCCX3CAGCA GACCACTACT CAAAATGCAC CTAACAACAG TAACGATCCG 

181 CAATCTACTA CTAGGCAGAA TACTGCCAAC AACAGTAACG ATCCGCAATC TACTACTACX3 

241 CA6AATACTG CCAACAACAG TAATGGTCCA CAATCTACTA CTACGCAGAA TACTGCCAAC 

301 AATAGTAATG CTCCACAATC TACTACTACG CAGAATACTG CCAATAACAG TAACGATCCA 

361 CAATCTACTA CTACGCAGAA TACTGCCAAC AACAGTAACG ATCCGCAATC TACTACTACG 

421 CAGAATACTG CCAACAATAG TAATGGTCCA CAATCTACTA CTACGCAGAA TACTGCCAAC 

481 AACAGTAACG ATCCGCAATC TACTACTACG CAAAACACTG CCAACAACGG TAATGATCCA 

541 CAATCTACTA CTGGAAAAGA TACAGTTAGT ATTGCAGATA TTCAAGTTAA CCAACCTGTT 

601 AATCTTTTAG GAAAGCAATC AACTGTATCT AGTACTGGTT ATAATGACTC TCA CATAA AA 

661 AATGTCAATG GGAAAATCTA TTTTGTTGGT GATAATGGTC AGGTCAAQAA AAACTTTACA 

721 GCCATAATCA ATGGACAATC ACTATATTTC AATAAAACAA CTGGAGAATT GGCTTCTAAT 

781 GATGTTCAAT ATGAAAATGG GTTAGTAAAA ATAAACGATG TTCATAACGC CGCTTACTCT 

841 ATTGATCCAA CGGGATTCAC TAATGTTAAC GGATTTTTAA CTGCTAATAG TTGGTATAGA 

901 CCCAAATATA TTTACAAAGA TGGGCAAAAA TGGGTGGAAT CAACCTCTCA AGATATGCGT 

961 CCCCTTTTAA TGACATGGTG GCCAGATAAA AATACTCAAG TAGCTTATTT ACAATATATG 

1021 CAGAAAATGG GCATTTTACC CGCTGACGTC ACTATATCAA GTCAAACCAA TCAATCAGTT 

1081 TTAACCAAAG AATCATTTAT TACTCAAGCT GAAATTGAAA AACAGATTGG AGTAACAAAT 

1141 GGAAACACTG ATTGGCTAAA GAAAGATATC TCTGATTTTG TAAATTCTCA ACCAAATTGG 

1201 AATATAGATA GTGAAGCCAA AGGCACAGAC CATTTGCAGG GGGGAGCACT TTTATATGTT 

1261 AATAATAAGT TAACTCCATA TGCGAATTCT GATTACCGCT TGCTTAACCG AACACTTACT 

1321 AATCAACAGG GGCAAGTAAA AGATACTTCT AAACAAGGCG GTTATGAAAT GTTACTTGCC 

1381 AACGATGTGG ATAATTCCAA TCCAGTAGTT CAAGCGGAAC AGTTAAACTG GTTATACTAC 

1441 ATGATGAATA TAGGTAGCAT TACTGCCAAT GATCCCACCG CAAACTTTGA TGGCTATCGA 

1501 GTGGACGCTG TGGACAATGT CGATGCTGAT TTATTAAATA TAGCTGCCGA TTATGCCAAA 

1561 GATGCTTATA AAACTAATCA AAGTGATGCT AATGCCAACA AACATTTATC AATATTAGAA 

1621 GATTGGGATA ATAATGATCC GGCTTATATC AAAGCACATG GAAATAATCA GTTAACTATG 

1681 GATTTCCCAG CACATTTAGC AATTAAATAT TCATTAAATA TGCCAGTAAG TCAACGAAGT 

1741 GGGCTGGAAC CAGAGCTCAC AACCAGTTTA GTTAACAGAA CTGGTGATGA TTCTACTGAA 

1801 AATGTCGCAC AGCCAAACTA TACTTTTATT AGGGCTCACG ATAGTGAAGT gcaaacaatc 

1861 atcgcacaaa ttatcaaaga taaaatcaac cctaactctg acggattaac agttactccc 

1921 gatgaaataa gtcaggcctt taaaatatat aatgcagatg aattaaagac tgataaacaa 

1981 TATACTTTTT ATAACATGCC CTCTGCCTAT ACTATTTTGC TAACCAATAA AGATACAGTA 

2041 CCTCGAGTTT ATTATGGGGA TCTTTATAGT GATAATGGCA ATTATATGTC AGCCCATTCT 

2101 CCTTACTATG ATGCAATAAC TACGTTATTA AAAACACGAA TGAAATACGT ATCTGGTGGT 

2161 CAAAACATGC GTATGCAATA TATGCAGGGT GATGATATGC CTGCTAATAG CTATAAGGGC 

2221 GTTTTAACTT CAGTTAGATA TGGTAAGGGT GAAATGACAG CCGATGAGCA AGGTAATTCA 

2281 GAAACTCGTA CTCAAGGAAT TGGGGTCATT ATAAGCAATA ATCCTAATTT AAAATTAGAC 

2341 AGTAATGACC AAGTGGTATT AAATATGGGG GCGGCACATG AAAATCAAAC TTATCGCCCT 

2401 GTATTACTAA CAACTAAAGA TGGATTGAAA AACTATGATT CCGATAGTTC TGTACCTCAA 

2461 AATGCATTAG TTTCAACCAA CGATAAGGGA CAACTCATAT TTAAAGCTAG TTCTATTCAG 

2521 GGAGTAAGTA ATCCGCAGGT ATCTGGTTAT TTGTCCGTGT GGGTCCCAGT GGGGGCAAAG 

2581 GATAATCAAG ATGCTCGGAC TGCAAGCAGT TCTCAGCCAT CAACTGATGG GAAAACATAT 

2641 CATTCCAATG CTGCTTTAGA CTCTCAAGTT ATTTACGAAG GATTTTCTAA TTTTCA ATCG 

2701 ATTCCTACAA ATACAGAAGA TTTCACTAAT GTAAAAATTG CTCAAAACGC TAACCTGTTT 

2761 AAGAGCTTGG GAATTUICAAG TTTTGAATTA GCCCCTCAAT ATCGTTCCAG TAATGATAAT 

2821 AGTTTTCTGG ATTCGGTTGT TCAAAATGGC TACGCATTTA CTGATCGTTA TGATAT TGG G 

2881 TATAATACTC CGACAAAATA TGGAACTGTT ACTCAATTGC TGGATGCATT AAG GGC TTTA 

2941 CATGCCAACG GAATTCAAGC GATCGATGAC TGGGTTCCTG ACCAAATATA CAATTTACCT 

3001 GGTGAGGAAA TTGTCGCAGC TCAAAGAACT AATGGATCTG GGACATATGA TCAAGATTCT 
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3061 GTTATTGATG ATACATTATA TGATTCTCAC ACTGTTGGTG GTGGCGAATA TCAAOCTAAA 

3121 TTTGGTGGAG CTTTTCTAAA CAAGTTAAAG CAGTTGTATC CTQATTTATT TAAAGTTAAA 

3181 CAAATTTCTA CTGGTCAACC TATGAATCCT AATGAAAGAA TTACCGAGTG GTCAGCAAAG 

3241 TACTTTAATG GTACAAATAT TCAAGGAAGA GGCGCTTGGT ATGTATTAAA AGACTGGGGT 

3301 ACCAATCAGT ACTTTAATGT AAGTAATAAC CAGTTTGTTC ccaaacaatt cctaggtaca 

3361 GATACTTATA CAGGCTTTAA TGTTACAAAT GAGGGAACTC AGTTTTATTC TACX3AGTGGG 

3421 TATAAAGCCC AGAATACCTT TATTCAGGAC GGAGACAACT GGTATTACTT TGACAATAAT 

34 81 GGCTATATGG TAACTGGTTT ACAGAATATA AATGGGAATA ATTACTATTT CTTGCCCAAT 

3541 GGCATTGAAC TACAAGACTC TTATTTATTG AATGATGATA CCGGTAAAGA ATATTATTAT 

3601 GCAAGTAATG GTAAGCAAAT CTCAAATCGT TATTATCCAG ATGCTAACGG CAATTGGAGA 

3661 TATTTCTTCA ATGATGGTTC AATGGCAAGA AATGGATTAA CCACTATTGA ACAACCAGAT 

3721 GGGCAAAAAG TGATCXZAATA TTTTGATTCC GATGGTATTC AATTAAAGGG AAATGCCGCA 

3781 AAAGATAATA ATGGTAATTT AAGATATTTT GACGGTAATA CAGGTGATAT GGTCATTAAT 

3841 TCATTTGGAG AACTTCCTGA TGGCTCTTGG TTATACCTTA ATGATAAGGG GATTGCCX5TT 

3901 ACTGGTAAAC AGGAAATCAA TGGTCAAACC TACTACTTTG ATGCGGATGG CAAGCAAGTG 

3961 AAGAATGATT TTAGAGAGTT GCCTGATGGT TCATGGCTTT ATCTTAATGA CAAGGGGATT 

4021 GCCGTTACTG GTAAACAGGA AATCAATGGT CAAACCTACT ACTTTGATGC GGATGGCAAG 

4081 CAA6TGAAGA ATGATTTTAG AGAGTTGCCT GATGGTTCAT GGCTTTATCT TAATGACAAG 

4141 GGGATTGCCG TTACTGGTAA ACAGGGAATC AATGGTCAAA CCTATGCAGA GGCTAAAATC 

4201 ACAGCTGCCG AAAATGCTCA TCAAGCTGCC ACAGACGCTG TGAATAAAGC CCAAGCTGCT 

4261 CAATCGCCTA ACACTAGTTC CTCTAGTTCT AGCGTTAGCC AAGCTACTAA ACATCAATTG 

4321 GCAQTTAAAA CTGCTAAAGC TCAACTTGCT AAAACTAAGG CTCAAATTGC TAAGTATCAA 

4381 AAGGCTTTGA AAAAAGCCAA AACTACAAAG GCCAAGGCTC AAGCTCGTAA AAGTTTGAAG 

4441 AAGGCCGAGA CTAGTTTCAG CAAAGCTGAA CTTAATTTGG CATTATTAAA TAATAAAGCC 

4501 GTAAAAGCTG CACAAACTAA GGTTAATAAG GCTAAGGCTC AAGTCACTAA ATACCAAAAG 

4561 GCTTTGAAGA AAGCTAAGAC TACAAAGGCT AAGACTCAAG CTCGTAAAAA TTTGAAGAAG 

4 621 GCCAACTCTA GTCTGACAAA AGCTCAAAAA GCATTAACTA AAGTAATTAA AACCAATATC 

4681 AAGTAA 

SEQ ID No. 18 PRT 
Ijactobacillus strain LB33 

MELKRHYKMYKAGKKWVFAA lATISIIAGIiNTVAVTTYAA 
GNNDPQQTTTQNAPNNSNDP QSTTTQNTANNSNDPQSTTT 
QNTANNSNGPQSTTTQNTAN NSNGPQSTTTQNTANNSNDP 
QSTTTQNTANNSNDPQSTTT QNTANNSNGPQSTTTQNTAN 
NSNDPQSTTTQNTANNGNDP QSTTGKDTVSIADIQVNQPV 
NLLGKQSTVSSTGYNDSHIK NVNGKIYFVGDNGQVKKNFT 
AIINGQSLYFNKTTGELASN DVQYENGLVKINDVHNAAYS 
IDP7GFTNVNGFLTANSWYR PKYIYKDGQKWVESTSQDMR 
PLLMTWWPDKNTQVAYLQYM QKMGILPADVTISSQTNQSV 
LTKESFITQAEIEKQIGVTN GNTDWLKKDISDFVNSQPNW 
NIDSEAKGTDHLQGGALLYV NNKLTPYANSDYRLLNRTLT 
NQQGQVKDTSKQGGYEMLLA NDVDNSNPWQAEQI<NWLYY 
MMNIGSITANDPTANFDGYR VDAVDNVDADLIiNIAADYAK 
DAYKTNQSDANANKHIiSILE DWDNNDPAYXKAHGNNQLTM 
DFPAHLAIKYSIiNMPVSQRS GliEPELTTSIiVNRTGDDSTE 
NVAQPNYTFIRAHDSEVQTI lAQIIKDKINPNSDGIiTVTP 
DEISQAFKIYNADBLKTDKQ YTFYNMPSAYTILLTNKDTV 
PRVYYGDLYSDNGNYMSAHS PYYDAlTTLIiKTRMKYVSGG 
QNMRMQYMQGDDMPANSYKG VLTSVRYGKGEMTADEQGNS 
ETRTQGIGVIISNNPNIiKLD SNDQWLNMGAAHENQTYRP 
VLIiTTKDGIiKNYDSDSSVPQ NALVSTNDKGQIiIFKASSIQ 
GVSNPQVSGYLSVWVPVGAK DNQDARTASSSQPSTDGKTY 
HSNAALDSQVIYEGFSNFQS XPTNTEDFTNVKIAQNANLF 
KSLGITSFEIiAPQYRSSNDN SFLDSWQNGYAFTDRYDIG 
YNTPTKYGTVTQIiLDALRAIi HANGIQAIDDWVPDQIYNLP 
GEEIVAAQRTNGSGTYDQDS VIDDTLYDSHTVGGGEYQAK 
FGGAFLNKLKQIiYPDLFKVK QISTGQPMNPNERITEWSAK 
YFNGTNIQGRGAWYVLKDWG TNQYFNVSNNQFVPKQFIiGT 
DTYTGPNVTNEGTQFYSTSG YKAQNTFIQDGDNWYYFDNN 
GYMVTGLQNINGNNYYFLPN GIELQDSYLLNDDTGKEYYY 
ASNGKQISNRYYPDANQNWR YFFNDGSMARNGLTTIEQPD 



200 



400 



600 



800 



1000 



1200 
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GQKVIQYFDSDGlQIiIQSHAA. KDNNGNIiRYFDGNTGDHVlN 
SFGELPDGSWLYIiNDKGIAV TGKQEINGQTYYFDADGKQV 
KNDFRELPDGSWLYIiNDKGI AVTGTQEINGQTYYFDADGK 
QVKNDFREIiPDGSWIiYIiNDK GIAVTGKQGINGQTYAEAKI 1400 ^ 
TAAENAHQAATDAVNKAQAA QSPNTSSSSSSviSQATkHQI. 
AVKTAKAQLAKT7AQIAKYQ KALKKAKTTKAKAQARKSIiK 
KABTSFSKAEIiNIiALFK 



SBQ ID No. 19 DNA 
SEQ ID No. 20 PRT 
Iiactiobacillus sake strain KG15 

1 SASCTGBCMSTNACGTTHRRCNTAGACGrrHRACGTACTG^ 

1 XXXXRXXXTXXVLVHTMDSA 
61 AAACTATCAATGATTGCGATCTGTCCAGGTTGGGCTGCTTC^ 

21 NYQ*LRSVQVGLIiHASNQyG 

12 1 ATCGOVTTGACCACGGGTAATAATTGTAGTGCGCXSACGGTTGAACCGTGACCGACTAATG 
41 SH*PRVIIVVRDG*TVTD*W 

181 GTGATTTTTTGCGGCATAAAGGCGGTCATOU^GCGCCAAAAACGGCGTTO 

61 *PFAA*RRSSSAKNGVVIEy 

241 CCAAGCGTTGTTTGTAAACACaUSTAGCGCCMVCAATC^ 

81 QALFVNTVAPTIDS HRF*RA 

301 GCCACATTACGCCGTTGCGTCACACAACGTGGGCAATAGCGCTGGTAAAGCGACTGGCA 
101 PHYAVASHNVGNSAGKATGT 

361 AGCTGATAAAAATT^TGATAGTTACCTTGTAATTCGTGACGAATTTGTTTAAACTTAGG^ 
121 ADKNNDSYLVIRDEPV*T*D 

- 35 

421 TGGTTCAACATCGTTAGGACCCCTTTTAAGTTTAGTCavCTTATGAATCTAACrrGTGTTG^ 
141 GSTSLGPIiLSIiVTYESNCVG 

- 10 

481 ACTTTTTTGTTAATTTTTTTGTATTATTACAAACTAGCACCACG 

161 LFC*FFCIITN*HHAYVFY* 

RBS 

541 ATACGACTTAATTAATAACGGGGCTTTAGCATGATTTCAAATAAAATA^ 

181 YHLINNGALA*FQIK*CER* 

start: 

601 GTTTTTTATCTTAAGGAATAATTATTTTGGAGAGACTAAAAaSCAT^ 

201 F FMLRN NYFGETKTHYKLYK 

661 ATGCGGTAAGAACTGGGCTGTCATGGGGATTTCATTATTTCCGCI^^ 

221 C GKNWAVMG X S LFPIjGLGML 

721 AGTTACCa^GCCAGCCaWSTGTC AGCTGATGTGACAGCCACCAGCACCTO^GC AGTGC^ 
241 VTSQPVSADVTATSTSSSAV 

781 GAGGACCGATGCMVTCAGTGCAAGTAGTAGCAGTGa^GaUVAGGCTGAAAaS^ 

261 RTDAISASSSSAAKAETAAI 

84 1 CACTACrGaVGGTGTTGCAAATGCIX3ATTCaVCaU\A»^ 

281 TTAGVA NADSQTSAEVTADS 

901 TACTTCTACCAGCCAAGTGGTAACTAATAATTCCAATAATCAAAATAATACAGCACAGCC 
301 TSTSQVVTNNSNNQNNTAQP 

961 AGCCGGTCAAGAAGCAGCCCCGGTATOWSAGGACACATCATCTGATGATAGTGAGAGAAC 
321 AGQEAAPVSEDTSSDDSERT 
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2281 TCAGGOTGTTATOGTAACGGGTAAQCAACGTGIXKA^ - 
761 QGVMVTGKQRVHQDQYFFLP 

2341 AAATGGTATTGCTTTGACAGJVTGCTOT 

781 NGIAL.T. DAFVQTA DGQRQYY 

2401 TGATAAAACAGGTCGTCTGGTCATTAATCyUVTATGTGACn^ 

801 DKTGR LVINQYVTD HQANAF 

2461 CCGGGTTGATGOlGACGGTAATCTTGTCCGCAATaUUSC^ 

821 RVDADGNVVRMQALTVDGHB 

2521 ACAATATTTCGGCACAAACGGTGTCCAAGCGAAAGCAGTGCTCATTCGAAC^^ 

841 QYFGTMGVQAKAVL I RTDDN 

2581 TCAGGCGCGCTACTACGAAGCGAATAGTGGTAATCTCGTGAAGaU^CAGT^ 

861 QARYYEANSGNLVKQQFlIiD 

2641 tacagatggacattggttgtaascggatgctgo^tgac^^ 

881 tdghwlyadaagdiiargqit 

27 01 aattggccyuvgacacgttgtattttgatgataataatcaccaggtaa 

901 igqdtlyfddnnhqvkddfv 

2761 ctatgatactt^cggtgtgo^ttattttaatggcacaacaggc^ 

921 ydtngvhyfngttgaeikqd 

2821 ttacgcgtttcatgatggcaaatggtactattttgatgatttgggacgaatggt;^ 

941 YAFHDGKWYYFDDIjGR.MVTG 

2881 CTTGCAGCXSTATTAATGGTGAGTATCGCTATTTTQATGCTAATGGTGTGCAA^ 

961 LQRINGEYRYFDANGVQLKG 

2941 CGGTACCGTGACXX3ATCCACTAACGCAC0U\ACGTACACTTTTC 

981 GT VTDPLTHQTYTFD AKTGA 

3001 TGGTACGTTGGTGACG ATTTAACTGAATAATGGACTAGAAAAGACGATCTTGTATCGTCT 
1001 GTIiVTI*LNNGLEKTIIjYRL 

3061 TTTTTAGTTOCGATAACTAAATAAGTGCrrCATTTTTGCATTAGGACT 

1021 F* FR*I,NKCSFLH*DSELAG' 

3121 CXSCGaU^GCGTCTTTTCGTGTTAAACTTATTAGTAATTAATATTTTGAGGAGTCTG 
1041 AQASFRVKIjISN*YFEESVI 

3181 ATGGCAACAATTTTAGTTGTAGATGATCAACCGTCATTGGTGACGCTAC^ 

1061 WQQF* I.*MMNR HW*RYCHTT 

3241 CTGACTAAATCAGGCTTCGAGGTCGTGACTGCTACCTCCGGTGACGAGGCACGAAATCAG 
1081 *LNQASRS*LIiPPVTRHEIS 

3301 CTGGCAAATCATCCTATTGATTTGATGCTGCTAGGTGTCATGTTGCCTGGTAAGAGTGGC 
1101 WQIIIiLI*C C*VSCCLVRVA 

3361 GTTGACTTAACACGAGAACTACGAGGCGAACAGAATCXJTATTCCAATTATTATGATTACC 
1121 LT*HENYEANRIVFQIiL*I-P 

3421 GCCTTGGATGACGAAGTTG ACAAGATTT 
1141 PWMTKLTRF 
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